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On the Ordovician Trilobites in Central China 
By — 
Tetichi KOBAYASHI 


To the memory of the late Dr. A.W. GRABAU, Professor of Geology and 
Palaeontology at the National University of Peking, China. 
(With Five Plates) 


Preface 


The oldest Ordovician fossil of China known by the Linnean name 
is Orthoceras chinense which was denominated by WooDWARD in 1856. 
Before this, however, pagoda stone has long been familiar and much 
prized for its decorative value among the Chinese likewise stone swal- 
low as a medicine (CHANG, 1921) which was thought to possess powers 
to cure illness. KAysER’s Kiautchangpa faunule (1885) is the next 
older in Central China, followed by the descriptions by FRECH (1885, 
1911), MARTELLI (1901), WELLER (1907), PELLIZZARI (1915), YABE 
(1920) and several others. As a result of these contributions including 
brilliant monographs on the graptolites by Hsi (1934), on the brachio- 
pods by CHANG (1934), on the cephalopods by Yu (1930) and on the 
trilobites by SUN (1931) and SHENG (1934) the Ordovicion fauna of 
Central China is now fairly well known. 

RICHTHOFEN, WILLIS and other pioneers on the other hand made 
geological reconnaissance; through this terrain. Subsequently in 1911- 
16 S. Nopa, S. YAMANE, G. KOBAYASHI, N. FUKUCHI and a few other 
Japanese geologists carried on researches in Central China. Report 
of the research (1917) and the geological map of South China (1919), 
both published from the Geographical Society of Tokyo, were valuable 
results of this investigation. Later investigations were undertaken 
mainly by Chinese geologists and the stratigraphy of the Ordovician 
formations in the Yangtze valley was clarified in detail. The results 
of these recent contributions are elaborated and compiled by GRABAU 
in his monumental work, “ Palaeozoic Formations in the Light of the 
Pulsation Theory, vol. III, part 2, 1937.” 

It was at Washington, 1933, session of the International Geologic 
Congress that I first met Dr. GRABAU. Taking sides with me in the 
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Ozarkian discussion he loudly declared; “‘ Friendship is friendship, but 
science is science. I cannot believe in the Ozarkian System.” He did, 
however, later set up the Cambrovian pulsation system involving the 
Olenidian, Tremadocian, Arenigian and_ their equivalent formations. 
The next time I met him was my last meeting with him. In the 
summer, 1941 when I visited Peking he encouraged me in the study of 
the Cambro-Ordovician in China by saying “Go ahead in the study”, 
and kindly communicated my intention to Prof. SUN, then at Kum- 
min in Yunnan. 

I have been always willing to cooperate, if neccessary, with any 
one regardless of nationalities for the advancement of palaeontology. 
Unfortunately, however, such cooperation has been extremely difficult 
during last decade, insofar as the field dealt herewith is concerned. 
In fact I have been able to correspond only once with Dr. SUN 
through Dr. TOMITA who had given me assistance during my stay at 
Peking. 

The present manuscript once sent for printer in 1944, was shelved, 
because it was found impossible to print it at the time. But now it 
has become possible to publish it with additional notes. It is my 
deepest regret that Dr. GRABAU cannot see this study. 

I am not thus a student of Dr. GRABAU actually, but he gave me 
encouragement. Moreover, when one thinks of the fact that pupils find 
more teachers outside than in schools and that teaching and learning 
are accomplished through books more than from blackboards, it can 
be said that he was my teacher in this sense. Really there was no 
Specialist in Japan in Eo-Palaeozoic geology and palaeontology when I 
- started my work in this field. Helpful guidance was found in his 
Stratigraphy of China and other publications. Especially important 
was his “ Ordovician Fossils from North China, Pal. Sinica, Ser. B, 
Vol. 1, Fasc. 1, 1922” in which two faunas were first distinguished 
in North China. The older comprised the new Peilintze faunule and 
its allies and the younger was the Machiakou fauna which was greatly 
amplified. It was certainly epoch making, seeing that there has been 
a remarkable difference in our knowledge of the Ordovician of Eastern 
Asia before and after it. Considering his great contribution to the 
geology and related sciences of China and at the same time thanking 
him for his personal influence upon myself, I dedicate this study to 
the late Dr. A. W. GRaBau, Professor of Geology and Palaeontology 
at the National University of Peking, China. 
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The revision of the Ordovician trilobites dealt with in this paper 
was commenced during my stay at the U. S. National Museum, 1931- 
34, where WELLER’s and ENbDO’s types were stored. Subsequently I 
had the opportunity of studying KaAyYSER’s at Berlin, GORTANI’s at 
Florence, SUN’s at Peking and YABE’s at Sendai. Here I wish to 
express my sincere thanks to Dr. R. S. BASSLER and the late Dr. C. E. 
RESSER of the U.S. National Museum at Washington, D. C., Prof. Hans 
STILLE of the University at Berlin, Prof. Giotto DAINELLI of the 
University at Florence, Prof. Y. C. SUN of the National University of 
Peking, Prof. H. YABE and Prof. S. HANZAWA of the Tohoku Univer- 
sity at Sendai, Prof. R. ENpo of the Saitama University at Urawa and 
Prof. T. Tomita of the Kyushu University at Fukuoka for their as- 
sistance and for the privilege extended to me of studying these fossil 
collections. 
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I. Some Ordovician Fossils and the Cambro- 
Ordovician Formations of the Omeishan 
District in Szechuan. 


The Omeishan section is especially important, because it is the 
most western section of the Cambro-Ordovician formation in Central 
China. With reference to CHAO’s (1929), A. Heim’s (1932) and Tan 
and LEE’s (1933) studies, the stratigraphic succession of the Palaeozoic 
formations there may be tabulated as follows: 


Triassic formations. 


fs. ly Disconformity 


Periuan Omeishant Cagis (= basal teers seen conse ceeaekie ne nete eet ames Sen enn 350 m. 
Permian’ Chihsian@ 2)) storimationes csr eee eee eee 400 m. 
Disconformity 


Gotlandian Monograptus shale of Shinkaiszu (;BA5%). 


aS ______ Disconformity 


Middle Ordovician Orthoceros limestone of Shinkaiszu. 

Lower Ordovician and (?.) Upper Cambrian Tachengszu (A 3€5):) formation, 160m. 
thick, composed of yellowish gray quartzitic sandstone and green sandy shale 
in addition to reddish and purplish brown quartzose sandstone in the lower 
part and greenish gray shale at the top. 


es = isconformity 


Upper and Middle Cambrian Hsihsiangchih (}é2tvtb.) formation in the restricted sense 
by HEIM and CHAO, 220m. thick, consists of gray impure limestone, 
calcareous shale and limestone conglomerate or Wurmkalk. 

Lower Cambrian Yiihsienszu Gills) formation, 135m. thick, consists of gray shale, 
calcareous shale, gray limestone and yellowish gray quartzose sandstone in 
addition to some red thin-bedded sandstones and oolitic limestones in the 
upper part. 

Lower Cambrian Chiulaotung (Jil) formation, 230m. thick, generally composed 
of purple but occasionally dark or black sandy shales and thin-bedded 
sandstones with thin beds of limestone near the base. 


ieee ee ee ISCONLOLMItys = er 
Sinian Hungchungping (g: fil) limestone, 800 m. thick, hard, brittle, white, generally 


massive, but partly thin-bedded siliceous limestone. HEIM found a thin 


layer of quartzite on the surface of a granite mass. 
Unconformity : Pave 


Pre-Sinian Granite. 
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The Chiulaotung formation was first thought by CHAO to be the 
equivalent of the Hsiamaling (F 33) in North China. HEIM also re- 
ferred the formation to the Sinian, notwithstanding the fact that he 
found a local disconformity at its base. TAN and LEE, on the contrary, 
-referred it to the Cambrian and correlated it to the lower part of the 
' Shihpai (4%) shales in the Yangtze gorge, emphasizing the upward 
continuation of this formation, as noted by HeEIM. The lowest fossil 
zone in this section was found at about 40-50 m. above the base of the 
Yuhsienszu formation whence Redlichia nobilis WALCOTT, Ptychoparia 
ligea WALCOTT, Omeishania yuhsienszuensis SUN (nom. nud.), Aluta 
sp. and Obdolella sp. are reported. Near its top there is the next 
horizon in a yellowish green shale yielding Ptychoparia szechuanensis 
SUN (nom. nud.) On the strengths of these findings TAN and LEE 
considered the formation as the equivalent of the Upper Shihpai shale. 

When CHAO established the Hsihsiangchih, he could not make up 
his mind whether it was Gotlandio-Devonian or Cambrian, but from 
its lithic aspect, and especially because of the inclusion of oolitic 
limestone and trail-bearing sandstone he suggested Cambrian age for it. 
Although the stratigraphic horizon of YIN’s Cruziana from Wawushan 
(tH) on the northern bank of the Tungho (iii), Jungchinghsien 
(RR), Szechuan, remains undetermined, it is not improbable that it was 
derived from Upper Cambrian sandstone. HEIM splits CHAo’s Hsihsiang- 
chih into the Hsihsiangchih proper and the Shinkaiszu series, regarding 
the former as Ordovician and the latter as Gotlandian, but no fossil 
evidence was provided. Prior to this, however, FOSTER found Mo- 
nograptus and Orthoceros annulatum at Shinkaiszu which, HEIM thinks, 
might be derived from a certain horizon of the Shinkaiszu. 

Like HEIM, TAN and LEE also divided CHAO’s Hsihsiangchih into 
two formations. As mentioned above, their Hsihsiangchih contains 
Wurmkalk which is a common member of the Chaumitian series in 
the Cambrian Hwangho basin (KOBAYASHI, 1943). If it is Upper 
Cambrian, the thick Jchang limestone, they noted, is absent in this 
section, because the Tachengszu is the Neichiashan equivalent. On the 
other hand, if the Hsihsiangchih corresponds to the Ichang limestone, 
the former is only one-fifth as thick as the latter. At this time they 
discovered fossils at Leitap’o (184742) below Hsinkaiszu in greenish gray 
shale in the upper part of the Tachengszu which, according to Sun’s 
determination, are as follows: 


Taithungshania shui SUN 
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Acidaspis tani SUN. (nom. nud.) 
Illaenus omeishanensis SUN. (nom. nud.) 
Illaenus sp. 

A Pelecypod shell (imperfect). 

This fauna is considered to be intimately related to that of the 
Neichiashan, although this fossil bed does not contain limestone as 
much as the Neichiashan. CHAo, HEIM, TAN and Lee all agree in 
that CHAO’s Hsihsiangchih, Hetm’s Shinkaiszu and TAN and LEer’s 
Tachengszu are overlain disconformably by the Permian fossiliferous 
limestone which CHAo and HEIM referred to the Yangshin (#t) and 
TAN and LEE identified as being equivalent to the Chihsia. If FOSTER’S 
Monograptus can correctly be identified, there must be a Gotlandian 
formation between the Tachengszu and the Chihsia. Furthermore it 
is not improbable that his Orthoceros is a solitary representative of 
the Pagoda limestone fauna. 

In a slab of compact green slate, partly calcareous, from Yiuhsien- 
szu were found, beside. indeterminable fragments of a hyolithid and 
minute trilobites, two dorsal valves of Acrothele sp. (pl. IV, fig. 1) 
upon one of which a median septum and a pair of vascular sinuses 
are impressed. The other valve measures 10 mm. in length. Though 
neither one of them is well preserved, in size and general aspect, this 
form resembles Acrothele eryx WALCOTT which is abundant in the 
lower Fuchouan green shales. Therefore it is probable that it reveals 
an unnamed horizon above the Ptychoparia szechuanensis horizon, 
which lies in the passage beds from the Hsihsiangchih to the Yuhsienszu. 

Beside bryozoans, orthids (pl. IV, fig. 2) and Cleidophorus, one 
species in each, there are four species of trilobites in the Yuihsienszu 
faunule at Leitap’o as follows: 

Hagiorites omeishanensis KOBAYASHI, new species 
Tathungshania brevica (SUN) 

Omeipsis huangi (SUN) 

Iilaenus suni KOBAYASHI, new species 

While T. brevica is described from Lokopien, Omeipsis huangi 
occurs in Wenshui (if7k), Kweichou. SUN (1931) mentioned that the 
latter “‘is quite distinct from any of the European type and is the 
first species of Acidaspis so far known in China.” Jt is distinct 
indeed not only from Acidaspis but also from all of the Odontopleuridae. 
In my opinion it belongs to a new genus of the T aihungshaninae in 
the Asaphidae. 
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The formation which yielded them was referred to the Neichia 
series and considered to be the equivalent of the Llanvirno-Llandeilian 
of Europe. Since then, J (1936, 1940) have made a revision on 
Taihungshania and it is now well established that the genus is an 
indicator of the Arenigian or probably Lower and Middle Arenigian, 
occurring in South France, New Zealand and Central China. 

Hagiorites omeishanensis is closely allied to Hagiorites broggert 
(MoBeRG and SEGERBERG), 1906, from the Apatokephalus zone of 
Sweden. Jllaenus suni is a very distinct species of J//aenus, if not 
of Symphysurus or Nileus. If the aspect of these trilobites is con- 
sidered together with their association of Cleidophorus, orthids and 
bryozoans, it is quite reasonable to conclude that the age of the Upper 
Tachengszu fauna is Arenigian. 

Therefore I agree with GRABAU (1937) in excluding the Tathung- 
shania-Omeipsis beds of Laitap’o Wenshui, Lokopien and Taihungshan 
from the Neichia, for which the Laitap’o shale is proposed. The list 
of the triobites of the Taihungshania fauna is given here and my com- 
ment is added to some species. 


List of the Taihungshania fauna in Central China. 


Locality Lis Naas ho 


cv S  e e ee ee _ | el 
Onchonotus (2) minor (SUN) | x 
Hagiorites omeishanensis KOBAYASHI x 
Taihungshania shui SUN x | x 
Cranidium of Taithunshania shui (= Bronteus sp. by | | x 
SUN) 
Taihungshania brevica SUN x xX | x 
Cranidium of (?) Taihungshania brevica (= Illaenus x | 
chichiangensis SUN) 
; | | 
Omeipsis huangi (SUN) ie x 
“ Asaphus’’ hupeiensis SUN (aff. Isoteloides sinensis | x 
YABE) 
Illaenus suni KOBAYASHI (I. omeishanensis SUN, MS) x 


1. Leitap’o, Hsinkaiszu, Szechuan (PO)I, 3BAs, Behe) 
2. Lokopien, about 11 li south of Kwanyinchiao, Chikiang-hsien, Szechuan (pgji[, 4£ 


WLR, WT, He eb) 
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3. About 4 li NW of Wenshui, Hsishui district, Kweichou. (#tUM, @47k, Yk) 
4. 500m. NW of the preceding. 
5. Taihungshan, Nanchang, Hupei Ciidb, fae, JRC) 


It is interesting to see that there are two cranidia of Taihungshania 
and two species of the genus whose cranidia have been unknown. 
With the list it is certainly important to note the fact that the 
Taithungshania fauna has no species in common with the rest of SUN’s 
Neichia fauna from Feilaishih and Shihtzupu, both being near Tsunyi 
GIR A. “FFG. 363%), and Pangfang, Suiyang (#2. ik) which are all 
in Kweichou where J//aenus is most common and where, in -addition, 
Ampyx, Ogygites, Lichas, Calymene and Cheirurus occur. Between 
these two distinct faunas in the Leitap’o shale, the former is in my 
opinion older than the latter. 

In summerizing the above informations it should be noted that 
there are possibly seven fossil zones in the Omeishan section as follows: 


Monograptus zone in the Sintan shale. 

Orthoceros zone in the Pagoda limestone of the Stkiapa formation, 

Taihungshania zone in the Leitap’o shale in the upper Tachengszu formation. 

Cruziana zone (?) in the lower Tachengszu or the upper Hsihsiangchih formation, a 
rough equivalent of the Pingshanpa limestone. 

Acrothele zone (?) in the passage beds from the Hsihsiangchih to the Yiihsienszu 


formation. 

Ptychoparia szechuanensis zone in the upper Yuhsienszu, an equivalent of the Upper 
Shihlungtung. 

Redlichia-Ptychoparia zone in the lower Yihsienszu, an equivalent of the Middle 
Shihlungtung. 


It is reasonable tO correlate the Chiulaotung with the Shihpai 
proper. The total thickness from the Chiulaotung to the Tachengszu 
is 754 meters, that is, thinner than that from the Meitan to the Shihpai 
shale in the vicinity of Ichang which is 907 meters thick according to 
Cul, Hsu and WANG (KoBAYASHI, 1944 A), The Sintan shale as well 
as Stkiapa formation appears to exist there, but at most they are not 
well developed. 

The pre-Permian break becomes larger farther to the west. C. Y. 
LEE once reported the presence of limestone and shale older than the 
Permo-Carboniferous in the borderland between Sikang and Szechuan, 
while the Archaean granitic gneiss and Algonkian mica-schists of 
Tampa (J+), according to TAN and Li (1931), are overlain by the 
Permian limestones and marbles of Maher, 1000 m. thick, and the 
latter in turn is overlain by the Mesozoic shales. The Plateau Lime- 
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stone is known to be extensive in Western Yunnan and the Shan 
States in Burma where Devoinian fossils were discovered from its 
lower part. TAN has shown in his palaeogeographic maps that Sikang 
was land in the Sinian, Cambrian, Ordovician and Gotlandian periods. 
In the Devonian and Carboniferous periods the Tsinling sea was con- 
nected with the southern waters through a channel running along the 
Szechuan-Sikang boundary. The Permian sea subsequently flooded 
over this region. 


Description of Ordovician Fossils. 


Three new species, Hagiorites omeishanénsis, Ometipsis huangi 
Cleidophorus szechuanensis from Leitap’o are described; Hagiorites 
and Omeipsis are two new trilobite genera established through this 
paper. 


Family Leididae ADAMS 
Genus Cleidophorus HALL 


Cleidophorus szechuanensis KOBAYASHI, new species 


Plate I, figure 14. 


Outline of the shell in scalene triangle with rounded angles, a 
little longer than twice the height and gently convex; umbo located at 
one-fourth of the way across from the anterior end of the shell; hinge 
margin behind the umbo long and straight; anterior margin semi- 
circular; ventral margin gently arcuate. 

The internal mould of the type left valve is 12.5mm. long and 6 
mm. high. A clavicle is clearly impressed in front of the umbo as a 
subvertica! groove, but no trace of any dentation is seen. This is the 
first. occurrence of the genus in Eastern Asia. 


Family Dikelocephalidae MILLER 
Subfamily Dikelokephalininae BEECHER 


Lately ENDO (1944) established Manchurocephalus for Coosia 
deprati MANSUY which is, however, .congeneric with Coosia asiatica 
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MANsvuy and Pterocephalia asiatica WALCotTT. I have already: establi- 
shed Paracoosia on the basis of Paracoosia mansuyi KOBAYASHI, i. e. 
Coosia asiatica MANSUY and referred the two other species to it 
(KOBAYASHI, 1936, 1944 B). Therefore -Manchurocephalus should be 
synonymized with Paracoosia. 

Hagiorites instituted here is a relic of this subfamily in the 
Tremadocio-Arenigian. 


Genus Hagiorites KOBAYASHI, new genus 


The genus includes dikelocephalids having subcircular pygidia 
without spines. The pygidium is broader in Paracoosia and broader 
and more triangular in Birmanites. Whether Dikelocephalus broggeri 
MOBERG and SEGERBERG, 1906, belongs to this genus, is a question. 

Type species :—Hagiorites omeishanensis KOBAYASHI, new genus 
and species. 


Hagiorites omeishanensis KOBAYASHI, new genus and. species 


Plate I, figure 11. 


Description :—Pygidium subcircular, a little longer than broad, 
bordered by a broad brim; axis subcylindrical but abruptly tapering in 
the hind part; articulating half-ring apparently very small; the first 
pleural rib distinctly defined from the rest by the deep first groove; 
the second rib very broad; at least two more ribs present on the 
pleural lobe. 

Comparison :—The pygidum of Dikelocephalus bruggeri from the 
Apatokephalus zone of Sweden differs from this species in the conical 
axial lobe, its clear segmentation and more numerous pleural ribs. 


Family Asaphidae BURMEISTER 
Subfamily Taihungshaninae KOBAYASHI 


This subfamily was established to include Tathungshania and 
Asaphelina. Here Omeipsis is added to them. 
Asaphelina MUNIER-CHALMAS et BERGERON, 1888. 
'. Type species:—Asaphelina barroisi MUNIER-CHALMAS et BER- 
GERON. 
Taihungshania SUN, 1931. 
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Type species :—Taihungshania shui SUN 
Synonym.—Miquelina THORAL, 1935, (Type species : Asaphelina 
miqueli BERGEON, Pl. V, fig. 3). 
Omeipsis KOBAYASHI, nov. 
Type species :—Acidaspis huangi SUN. 
Particularly interesting for the phylogeny is a minute cranidium 
(pl. IV, figs. 4-5) which, I think, reveals an immature stage more proba- 
bly of Taihungshania brevica than of Omeipsis huangi. Compared to 
their cranidia in maturity, this glabella is more slender and more 
slowly expansive toward the front; eye much larger and lying a little 
more apart from the glabella; fixed cheek somewhat broader; frontal 
border very narrow and depressed ; and facial suture short and longi- 
tudinal in front of the eye and long and diagonal behind it. Thus 
the cranidium looks like a diminutive one of the Dolikometopinae 
(KOBAYASHI, 1942) rather than of the Taihungshaninae, but evidently 
distinct from the nepionic ones of Amphoton deois. 


Genus Taihungshania SUN, em. KOBAYASHI 


Remark :—It is certainly a remarkable fact that the hypostoma of 
Taihungshania brevica is the same type as that of Miguelina miqueli, 
(pl. IV, fig. 6) as to the latter of which THoRAt noted to be of the 
Ogygia type. They are certainly similar to that of Ogygia dilata 
BRUNNICH var. genuina ANGELIN (in BROGGER, 1886, pl. 3. fig. 39), but 
Taihungshania has a special lunate elevation in the posterior part. 
The elevation appears to be trisected laterally and its middle division 
is again bisected transversely in M. migueli (THORAL, pl. 22, fig. 5), but 
such a division cannot clearly be seen in the hypostoma of T. brevica. 
Incidentally O. dilata is the type of Ogygiocaris ANGELIN. 


Taithungshania brevica SUN 


Plate I, figures 1-6 
1931. Tuihaungshania brevica SUN, Palacont. Sinica, ser. B, vol. 3, fasc. 1, p. 9, pl. 2, figs. 
2a-c. 
1931. Jllaenus chichiangensis SUN, Op. cit. p. 15, Dive2etional 0. 


Description :—Glabella outlined by dorsal furrows, subsquare but 
slightly expanded near its front; no furrows on the glabella except 
the occiptial one; neck ring short, a little thickened in the middle ; 
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eyes small, lying close to the glabella at the point a little anterior to 
its mid-length. 

Hypostoma subquadrate but provided with a pair of small anterior 
wings and a postero-median projection; central body and V-shaped 
posterior ridge separated by a deep groove; this ridge projected rear- 
ward at the apex. 

Except a pair of lateral spines the pygidium is subtriangular, one — 
and a half times as broad as long; axial lobe about one-fourth as 
broad as the pygidium, elevated above the pleural lobes and conical 
but rounded at the rear and composed of about 10 rings in addition 
to an anterior half-ring and a short terminal lobe; pleural lobe gently 
convex, no less than seven ribs being counted on it, the second one of 
which is produced behind into a long spine; marginal border of 
moderate breadth not well defined inside but the ribs except the 
second one cross the border. Surface smooth. 

Observation :—There are several pygidia of the same kind, but on 
account of secondary deformation, their outlines are somewhat differ- 
ent from one another. It is especially noteworthy in two pygidia lying 
nearly at right angles to each other that they differ in outline and 
strength of furrows, but otherwise the same (pl. 1, fig. 5). 

There are a few pygidia in immature stages of growth. They are 
broader than the full grown pygidium. In the earlier one of the two 
(pl. 1, fig. 4) the axial lobe is stouter, shorter and abruptly rounded 
at the rear; pleural furrows weak and the posterior margin between 
the spines nearly transversal or even a little sinuated. 

Comparison :—Except for the median thickening of the neck ring 
which is obscurely shown in SUN’s drawing, this cranidium perfectly 
agrees with that of Illaenus chichiangensis SUN, 193l. Because the 
Leitap’o specimens have received deformation, one cannot much rely 
on the outline for their. identification. In other features this is certainly 
more closely allied to T. brevica than to T. shui. The former, how- 
ever, is represented by only three ill-preserved pygidia. I made a close 
comparison with one of them in fig. 2a, but I cannot see any greater 
difference than the varietal value between SUN’s brevica and Leitap’o 
specimens. 


Genus Omeipsis KOBAYASHI, new genus 


Diagnosis :—Taihungshaninae with a somewhat forwardly narrowing 


16 T. KOBAYASHI 


glabella and a pair of triangular serrations between long lateral spines 
on the pygidium. 

Type species :—Acidaspis huangi SUN. 

Comparison :—This genus can obviously be distinguished from 
Hungioides KOBAYASHI, 1936, by the transverse anterior margin of its 
pygidium and a pair of long lateral spines on the pygidium. 

Distribution :—Arenigian of Central China. 


Omeipsis huangi (SUN) 


Plate I, figures 7-10; plate V, figure 2 


1931. Acidaspis huangi SUN, Palacont. Sinica, Ser. B, vol. 3, fasc. 1, p. 25, pl. 3, fig. 6. 


Description :—Cephalon provided with a pair of long genal spines; 
just inside of the spines the posterior margin of the cephalon is 
abruptly shouldered; glabella long, more or less tapering forward ; 
eyes small, located fairly anteriorly; facial suture describes a small 
semi-circle in front of the eyes; their posterior branch distinctly in- 
curved from a point two-thirds the length below the eyes. Axial lobe 
gradually narrows backward through the thorax and the pygidium. 
Thorax consists of eight segments; axial lobe, a little narrower than 
pleural ones; axial ring transversal; pleura falcate on the lateral 
side and the more posterior spines longer. Pygidium subquadrate in 
general outline; axial lobe short, conical, distinctly elevated above the 
depressed pleural lobes and divided into four or five rings and a 
terminal lobe; the first pleural groove deeper than the others. The 
first pleural rib combined with the second extends backward into a 
long spine; posterior margin between the pair of long spines projected 
behind forming two small triangles. Surface smooth. 


Subfamily Asaphinae RAYMOND 
Genus Isoteloides RAYMOND 
Isoteloides (?) hupeiensis (SUN) 


Plate I, fig. 13; pl. IV, fig. 3; pl. V, figs. la-b. 


1931. Jsotelus gigas var. hupeiensis SUN, Palaeontol. Sinica, ser. B, vol. 7, fasc. 1, p. 4, pl. 
1, figs. 3a-g. 


The cranidium, free cheek and pygidium are known of hupeiensis. 
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It has the isoteli-form facial suture and eyes posterior to the mid- 
length of the cranidium. The glabellar outline is not clear, but ap- 
parently somewhat contracted between the eyes. Neither the occipital 
furrow nor the median tubercle is present. The genal spine is not 
very long. The axial lobe of the pygidium is a little broader than a 
quarter of the pygidial breadth. 

Compared to Jsoteloides usuii (see page 27) its cephalon appears 
broader, but it must not be overlooked that the carapace of YABE’s 
specimen in a limestone retains the original convexity, while SUN’s in 
flaggy shale is flattened secondarily. Resisted by the doublure against 
this deformation, the marginal border is more distinctly impressed 
than has been. Likewisely the segmentation is more distinctly seen on 
the flattened pygidium in fig. 3d than on the other in fig. 32, seeing 
furthermore that the cranidium in fig. 3c which is less flattened than 
the two others in figs. 3a—-b, is almost identical with the corresponding 
part of J. sinensis, although it cannot be warranted that J. hupeiensis 
is a synonym of J. sinensis. 

Occurrence :—Nanchang in Hupeh, in the Neichia shale. 


Family [laenidae CORDA 
Genus IHaenus DALMAN . 


Illaenus suni KOBAYASHI, new species 
Plate I, figure 12 


The species is represented by a pygidium to which the last thoracic 
segment is attached. The pygidium is gently convex except the vicinity 
of the periphery where the convexity is much stronger. It is 3.3 mm. 
long and its breadth attains 4.3mm. between a third and a quarter of 
the length from the front. The outline behind this maximum breadth 
is semicircular; articulating margin rather strongly arcuate for the 
genus; axial lobe 2.2mm. broad, marked by nearly parallel furrows 
which, however, die out before reaching the line of.the maximum 
breadth; no distinct furrow seen on the pleura of the thoracic segment. 

With this specimen it is difficult to say definitely whether it 
belongs to the Illaenidae or the Symphysuridae, but at any rate its 
broad axial lobe demarked by the subparallel furrows is the most dis- 
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tinguishing characteristic. Comparing with Eastern Asiatic illaenids, 
the lobe is narrower than in J. holm SUN as well asin I. yuhangensis 
SHENG, but broader than in J. sinensis YABE aS well as in I 
feilaishihensis SUN. 


Postscript 1. 

Disconformably overlain by the Permian Yangshin limestone, there is 
the Ordovician Tachengszu formation in the Washan-Omeishan region, 
Szechuan, which consists of purplish crystalline limestone in the upper 50m 
and of grayish green shale and sandstone in the lower 330m. where Bilobites 
(i. e. Cruziana) is contained. Orthoceros was found at Shaping in the upper 
division. The lower division is conformably underlain by purplish sandstone 
and quartzitic sandstone which form the upper part of the Cambrian for- 
mation called Soiling by Ts—EnG and Ho (1949). 


Postscript 2. 

At Chaokouchuang, in the Kaiping basin, Hopei, Tathungshania ovata 
CHANG (nov.) was obtained from a horizon 2m. above the lower Arenigian 
Dichograptus separatus var. hopetensis zone in the Yehli limestone (CHANG, 
1949), Unfortunately, however, its illustration is obscure and its description 
brief. 


Postscript 3. 


HARRINGTON and Kay (1951) established Tvopidopyge on the basis of 
Dikelocephalus broggeri Moserc and SEGERBURG which is, as noted on page 
13, similar to Hagiorites omeishanensis. ‘Their congenity is, however, not 
warranted because the axial lobe of the pygidium is remarkably broad 
and conical in D. bréggeri. At any rate it is certain that 7. stenorachis Har- 
RINGTON and Kay from Columbia in which the lobe is slender and the 
marginal brim not well developed is quite distinct from AH. omeishanensis. 
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Adding a few new species described in the preceding chapter, 
some 50 species of trilobites are known from the Ordovician of Central 
China. My comments have already been given on the Birmanites 
fauna of Chekiang ina recent paper (1950). Hoping that more can be 
learned, the remainders have been restudied partly with the original 
Specimens in addition to a few undescribed ones. My notes on them 
are afforded in this paper as far as possible. 

ENbDOo’s Bathyurus (?) sp. from Huangpayi, Shensi, must be ex- 
cluded from Bathyurus because of its rounded triangular glabella. It 
is more probably a member of either the Proetidae or Solenopleuridae. 
As suggested already (KOBAYASHI, 1934), Bathyurus minor SUN is 
probably an Onchonotus. It is, however, almost impossible to point 
out any taxonomic position for WELLER’s Bathyurus sp. indet. with its 
glabella only. Pterygometopus (?) sp. indet. may be the best of all to 
be suggested for this triangular and multisegmented pygidium with a 
narrow conical axial lobe. At the same time, however, its resemblance 
to ENDO’s pygidium of gen. and sp. indet. from Huangpayi is undenia- 
ble. The two pygidia do not belong to the same species, because the 
pleural furrows are distinctly bent in WELLER’s. ENDO’s looks to me 
probably a pygidium of Basiliella. 

The horizontal frontal rim, long glabella attaining to it, subparallel 
dorsal furrows and relatively wide fixed cheeks of Calymene kweichou- 
ensis SUN remind one of the Leiostegiidae, such as Leiostegium 
RAYMOND and Leiostegioides KOBAYASHI. The glabella is, however, not 
overlapping the rim as often seen in Lezostegium. No mention is 
given of the distinct pits on both sides of the glabellar front, while the 
two anterior lateral furrows are indicated by pits and the posterior 
one is well developed and oblique. 

As seen in the specific list given at the end, the trilobite fauna 
under consideration comprises more than ten families, namely, the 
Remopleuridae, Lichadidae, Cheiruridae, Dikelocephalidae, Asaphidae, 
Illaenidae, Symphysuridae, Calymenidae, Cryptolithidae, Raphiophoridae 
and possibly Leiostegiidae, Bathyuridae, Proetidae and Phacopidae. 

On this occasion four new genera are established and they are 
Paranileus, Pseudonileus, Calymenesun and Reedocalymene. 
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Family Remopleuridae CORDA 
Genus Robergia WIMAN 
Robergia striata ENDO 


1917. Comp. Remopleurides aff. latus REED. Palaeont. Indica, new ser. vol. 6, ~o. 3. p. Al, 
pl. 6, figs. 9-10. 
1932. Robergia striata ENDO, U. S. Nat. Mus. Bull. 164, p. 109, pl. 38 fig. 3. 


REEpD’s RF. aff. Jatus is compressed along the axis secondarily, but 
otherwise it agrees with ENDO’s stviata in the moderate breadth of the 
cranidium, small tongue of the glabella, three pairs of lateral furrows 
and fine striation on the glabella, although the median tubercle is 
indiscernible in ENDO’s. 

Compared with Remopleurides microphthalmus LINNARSSON which 
is the type of Robergia WIMAN the tongue is much smaller on which 
account it similates Caphyra radians (BARRANDE) and its allies, but 
nevertheless the marginal border is clearly defined. This species may 
be intermediate between Robergia and Cabhyra. 

Occurrence :—Huangpayi, Shensi (ENDO); Pupiao, Yunnan (REED). 


Family Lichadidae CorDA 


In Central China the family is not well represented, but there are 
two Ordovician species, Lichas (Metopolichas) sinensis SUN and Lichas 
brownt SUN, both occurring at Shihtzupu, Tsunyi, Kweichou, where 
Bronteus richteri SUN was found associated. The last mentioned is 
based on the pygidium which seems to me to belong more probably to 
the Lichadidae than to the Scutellidae, because there is no median 
longitudinal lobe on the axis of the pygidium. 

The Lichadidae have been studied closely by BARRANDE (1852, 72), 
SCHMIDT (1885) and others already in the preceding century, followed 
by GurRicH (1901), REED (1902, 23), FoERSTE (1920), WARBURG (1925, 
39), PHLEGER (1936, 37) and several others. Their opinions however, 
vary and in consequence the classification of the family is confused. 
Therefore it is difficult to locate these species in any proper genera. It is 
however, quite certain that L. browni is referred to Amphilichas Ray- 
MOND, 1905, i. e. Platymetopus ANGELIN, 1854, at least inclusive of 
Acrolichas FOERSTE, 1919. 
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It is certainly noteworthy that ZL. (M.) sinensis is most probably 
an archaeic form of Oncholichas. 


Genus Amphilichas RAYMOND 


Amphilichas browni (SUN) 
Plate V, figures 5-6. 


1931. Lichas browni SUN, Palaeontol. Sinica, ser. B) vol, 7, fases 1. p24; pless figss baqc: 
1931.. Bronteus richteri SUN, ibid, p. 20, pl. 3, fig. 2. 


Among the three cranidia the one in fig. 5a must be the holotype, 
because it is best preserved. The trilobed glabella, long axial furrows 
reaching the occipital furrow, and the absence of the occipital lobe on 
each side of the neck ring are diagnostic of Amphilichas. 

The pustulation of the test suggests that the pygidium of Bronteus 
vichteri may belong to this species. There are one transversal and 
two short disconnected furrows on the short axial lobe. The pleural 
lobe appears to be trisegmented, the anterior two being medially rib- 
bed, However, because the post-axial ridge is obscure and the margi- 
nal serration unknwon, its reference cannot be warranted. 

The cranidium of this species is certainly similar to Lichas laevis 
(EICHWALD), L. dalecarlica ANGELIN, L. holmi SCHMIDT, Amphilichas 
atavus WARBURG and their allies. The abruptly expanding axial lobe 
of the glabella and the contracted posterior of the glabella at nearly 
straight and oblique dorsal furrows and the relatively large eyes at- 
tached there are the distinguishing characteristics of this species. 

Occurrence :—Shihtzupu, Tsunyi district, Kweichou. 


Genus Oncholichas SCHMIDT 


Oncholichas (?:) sinensis (SUN) 
Plate IV, figure 10. 


1931. Lichas (Metopolichas) sinensis SUN, Palaeontol. Sinica, ser. B, vol. 7, fasc. 1, p. 21, 
Dimisudiosu4anc: 

A lengthy description is given by Sun of this tuberculate form 
represented by a cranidium, thorax and pygidium. Unfortunately, 
however, it is indeterminable whether it has a pair of occipital lobes, 
because the cranidium lacks its rear part. Nevertheless it shows 
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remarkable resemblances with L. ornatus ANGELIN and L. gotlandicus 
ANGELIN where the latter has the lobes and the former not. The 
former is the type of Oncholichas and the latter is referred to it by 
ScHMIDT (1885). A rudimentary lateral furrow is shown on the lateral — 
lobe in the two species by him, but it cannot be found in this species 
as well as in the two species by ANGELIN. Compared to them this 
cranidium is different in having the distinct median tubercle and well 
developed eyes. 

Because the marginal part of the associated pygidum is broken 
off, the outline cannot be figured out. Its axial lobe, however, is 
evidently much narrower and crossed only by one furrow as in 
SCHMIDT’s L. ornatus, while the second furrow is shown in ANGELIN’s 
(1865). Insofar as can be seen, it is similar to L. ornatus in the ar- 
rangement of the ribs on the pleural portion too. Though the two 
Baltic species are Gotlandian and this is Ordovician, it is difficult to 
make its generic separation from Oncholichas. Lichas (Amphilichas) 
tibetanus SALTER which is compared with L. hibernicus (PORTLOCK) 
and L. (Acrolichas) minganensis BILLINGS looks somewhat similar to 
this species, but the median lobe of the glabella is less expanded in 
front and the eyes are more developed. 

Occurrence :—Shihtzupu, Tsunyi district, Kweichou. 


Family Cheirudidae SALTER 
Genus Prosophiscus SALTER 
Prosophiscus (?) sp. 
1931. Cheirurus (2) sp. SUN, Palaeontol. Sinica, ser. B, Vol. 7 Fase) 2 pr sO pls oy tise lO: 


This cranidium, though fragmentary, reveals very significant featu- 
res in the glabella gradual tapering forward, peculiar courses of 
furrows on it and the large cheek with maculae and pustules. The 
genal angle is said to be rounded. 

The group of Cheirurus is now splitted into a number of genera 
by BARTON (1915), Opik (1937), PRANTL and PriByL (1947) and others, 
but the forwardly conical outline of the glabella is quite uncommon 
among them, The glabella tends to narrow in front and the free 
cheek is very large in Anacheirurus, but the furrows on the glabella 
is quite oblique and the genal spine long. 
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In Prosophiscus mitis SALTER the glabella is conical, the occipital 
furrow nearly horizontal, but weakened in the middle, the genal angle 
obtusely pointed and the fixed cheek pitted and tuberculated, while the 
glabella is tuberculated as in this species. Therefore it might be a 
Prosophiscus, though any exact identification is hardly possible. 

Occurrence :—Shihtzupu, Tsunyi district, Kweichou. 


Family Dikelocephalidae MILLER 
Subfamily Dikelokephalininae BEECHER 
Genus Hagiorites KOBAYASHI 
Hagiorites (2?) sp. 
1931. Gen. and sp. indet. SUN, Palaecontol. Sinica, ser. B, vol. 7, PASC. of Dinan Dlielomti on Gs 


This pygidium tentatively referred to the Asaphidae by SuN has 
an anterior outline unusually arched for the family. The pleural 
portion is fairly flat in the other half where the backwardly bending 
furrows die out. The posterior margin is somewhat sinuated as ih 
Bniscoia. In these aspects it agrees better with the Dikelocephalidae 
than with the Asaphidae. The very broad axial lobe may be inter- 
preted by evolution. My hesitance of its reference to Hagiorites 
however, lies in the length of the axial lobe which attains to the 
posterior margin, though in Dikelocephalus broggeri the post-axial ridge 
is found to reach the margin. 

Occurrence :—Shihtzupu, Tsunyi district, Kweichou. 


Family Asaphidae EMMERICH 


Since KAYSER (1883) has described a pygidium of “ Asaphus” sp. 
from Kiautschangpa, Szechuan, a large number of asaphids including 
Niobe, Ptychopyge, Isoteloides and Basiliella are reported to occur in 
Central China at various localities in different horizons. 

KAYSER’s Asaphus sp. is represented by a pygidium of obsolete 
segmentation on which the axial furrow is weak and the concave 
border scarcely developed. It is closer to Homotelus RAYMOND than 
to Onchometopus SCHMIDT, because the outline is longer than O. 
volborthi. Compared with H. elegantus RAYMOND, a Chambersburg 
member, its axial lobe is more slender. Among the Asiatic asaphids 


24 T. KOBAYASHI 


Parabasilicus shirakii KOBAYASHI in fig. 4, on pl. 41 appears closest. 
(See also page 32) 

WELLER’s Asaphus cfr. expansus comprises two distinct species 
possibly of Asaphus. The pygidium in fig. 3 is evidently broader 
than that of A. expansus. Transverse furrows are extroardinarily small 
in number in the latter. Asaphus asiaticus WELLER, non ENDO, is 
still another of similar aspect, but its outline is subtriangnlar, its axis 
narrower and the furrows are much more numerous than in the 
preceding two. 

Megalaspis minor WELLER has, as usual in Megalaspis, a narrow 
axial lobe and the pleural and interpleural furrows seen on the ex- 
foliated surface. Its outline is, however, incomparably broad and the 
ab:ence of the concave border is another objection against its generic 
reference. It is not unlike Asaphus (?) minor KOBAYASHI from the 
Chikunsan shale, but evidently broader and the pleural aspect is also 
different. Likewise, I cannot recall now any genus suggestive for the 
peculiar pygidium of WELLER’s Isotelus sp. which has a very prominent 
axial lobe. 

There is, however, ENDo’s Megalaspis insculpta to which Mega- 
laspis hyorhina HERZ VON LEUCHT. is the closest ally. M. limbata 
BOECK has a little broader axial lobe. The facet is a little more 
prominent in these two than in this species. 

While Asaphus chinensis WELLER belongs probably to Parabasi- 
licus, WELLER’s Asaphus Sp. in fig. 9 is almost identical with Asaphus 
sunt ENDO, (i. e. Asaphus asiaticus ENDO, non WELLER), to which 
SuN’s Ogygites (?) sp. from Tungsze in fig. 5 on pl. 1 is also similar. 
WELLER’s Pyoetus (2?) sp. resembles Basiliella lorenzi KOBAYASHI, but 
as noted already (1834), WELLER’s pygidium is longer and its border 
narrower. “ Asaphus” boehmi LORENZ has a still longer pygidium. 

Iliaenus (?) bronteoides WELLER is more likely an asaphid than 
an illaenid, since its axial lobe extends far back in the pygidium. In 
Eastern Asia there is a series of pygidia including, beside it, A. Jaevis 
WELLER, REED’s Asaphus cfr. ornatus and my Parabasilicus (?) sp. 
which are all broad, surrounded by a border of moderate width and 
the anterior margin is transversal or slightly arcuate. The axial lobe 
may be prominent or improminent. When the furrows seen, they are 
mostly multisegmented, but many of them are obsolete. When com- 
plete carapaces will be found, this kind of pygidia may be found to 
belong to an unnamed genus. 
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Between WELLER’s two forked hypostomata referred to Asaphus 
the smaller one with a pair of round posterior maculae and a posterior 
Sinuation of medium size is similar to those of Megalaspides and 
Asaphus (BROGGER, 1896). The hypostomata of Basilicus tyrannus 
(MURCHISON) (SALTER, 1864-83) and also many of Asaphus (BROGGER, 
1886) are broader and the maculae crescentic. In the developed 
posterior wings the larger one reminds me of Parabasilicus (SALTER, 
1864-83, KOBAYASHI, 1934) Pseudobasilicus, Pseudasaphus (SCHMIDT, 
1904), Isotelus and Isoteloides (RAYMOND 1901). The wings are more 
widely divergent than in Pseudasaphus globifrons (EICHWALD) and 
more slender than in Pseudobasilicus kegelensis (SCHMIDT). Though 
the specimen is unfortunately too fragmentary to make any acurate 
comparison, it appears to be new among the asaphids. — 

Finally, Asaphus sp. from Lunshan, Kiangsu, is said by FRECH 
(1895, 1911) to belong to the expansus group, but its illustration has 
never been given. 

Further comments on other species are added to the succeeding 
description. Although the specific number is large, many of them are 
repre $nted by fragmentary carapaces which are insufficient to make. 
any exact determination. Nevertheless a good display of the family 
can be recognized out of the great variety of forms. 


Subfamily Ogygiocarinae RAYMOND 


SHENG’s Asaphus kientehsiensis (pl. V, fig. 4), its variety ovatus and 
also A. chekiangensis and A. (?) chui, all have niobiform suture, sub- 
quadrate glabella rounded in front, eyes at about the mid-length of the 
cephalon and the rounded genal angles. The breadth of the glabella is 
not much different between the front and rear in A. chui, but somewhat 
expanded forward in the three others. The occipital furrow is most 
distinct in A. chekiangensis, less so in A. chui and almost indiscernible in 
A. ovatus. The eyes may bea little smaller in A. chui than in A. kiente- 
hsiensis. The axial lobe is usually a little narrower than the pleural one 
and the pleural extremity truncated; pygidium semicirular and sur- 
rounded by a flat border of different breadth. The ribs are strongest 
in A. chui, less so in A. chekiangensis in which the ribs are seen often 
furrowed. The difference of their strength, however, depends on the 
preservation to some extent. 

The cephalon of A. chui in fig. 1h appears to have a trace of a median 
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tubercle, but it is neither mentioned nor illustrated in the three others. 
Thus there are two or more species of asaphids, but none of them 
belongs to Asaphus s. str. As suggested elsewhere, (KOBAYASHI, 1936, 
50) they are fairly diagnostic of Niobe or Niobella the difference bet- 
ween the two genera lying in their hypostomata. Unfortunately no 
mention is given of their hypostomata by the author, but if the test 
exposed beneath the cephalon of A. chekiangensis in fig. 3c is a hypostoma, 
it appears entire. The hypostoma (?) in A. chui in fig. lb which is 
strongly deformed, shows a pair of maculae and a shallow posterior 
sinuation as usually seen in that of Niobe. 

In the presence of the occipital furrow, absence of the median 
tubercle and the furrowed pygidium A. chekiangensis looks similar to 
Niobe fourneli THORAL (1946), but the rib on the pygidium of A. chekt- 
angensis has the interpleural furrow. The cephalon of A. chui may be 
allied to N. insignis LINNARSSON, but the outline of the pygidium is 
more like N. obsoleta LiINNARSSON (MOBERG and SEGERBERG, 1906). 
The smooth pygidia of A. kientehsiensis may be comparable with that of 
N. laeviceps ANGELIN, but neither a median tubercle nor a occipital 
furrow is discernible on its cephalon. 


Subfamily Asaphinae RAYMOND 
Genus Asaphus BRONGNIART 


Asaphus cfr. platyurus ANGELIN 


Plate IV, figure 9. 


1920. Asaphus sp. YABE and HAYASAKA, in Geographical Research in China 1911-16, 
Atlas of Fossils, pl. 18, fig. 5, pl. 19, fig. 6. 


Pygidium 45mm. long and about 70mm. broad, semicircular but 
broadly arcuate along the anterior margin; axial lobe 18mm. broad, 
gradually tapering back till its breadth is reduced to 10mm. whence 
it is rounded, very gently convex and divided into 8 rings and a 
terminal lobe; facet roof-shaped, prominently elevated above the pleu- 
ral lobe; five or six pleural furrows narrower than the ribs and 
loosing their strength backwardly. These ribs and furrows die out on 
the marginal border which is slightly slant and more or less concave. 

It resembles Asaphus platyurus ANGELIN very closely, but unless 
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other parts of the carapace are consulted, its reference, specific or 
even generic, cannot be warranted. 
Occurrence :—Pantseya, Huhsi, Hsingshanhsien, Hupei 


Genus Isoteloides RAYMOND 


Isoteloides usuii (YABE) 


Plate II, figures 7-8. 


1907. Comp. Asaphus taningensis WELLER, Proc. U. S. Nat. Mus. vol. 32, p. 561. 

1913. Comp. Asaphus taningensis WELLER, Research in China, vol. 3, p. 286, pl. 26, figs. 
19-20, 

1920. Jsotelus usuii YABE, Geogr. Research in China, 1911-16, Rep. vol. 3, p. 18, fig. 9, 
pl. 19, fig. 8. 


Description :—The type specimen consists of a cephalon, thorax 
and a part of a pygidium. The cephalon exclusive of genal spines is 
more or less triangular, lateral sides broadly arcuate, regularly convex 
with the exception of the marginal border and especially of its frontal 
portion which is slightly concave; glabellar outline obscure but ap- 
pears to be very long, more or less contracted between the eyes; it 
gradually expands backward, insofar as can be judged by the furrows 
extending forward from the posterior margin, but these furrows 
become obscure in the vicinity of the eyes; eyes of moderate size and 
close-set relative to the glabella; free cheek subtriangular but its bor- 
der extends till it reaches the front of the cephalon; genal spine slen- 
der, more or less flattened in cross section, extending back as far as 
it reaches the fourth thoracic segment; facial sutures of typical isoteli- 
form; they join a little inside of the frontal margin. 

Thorax composed of eight segments; axial lobe cylindrical, nar- 
rower than the pleural one and convex, distinctly elevating above the 
pleural lobes; inner portion of the pleura horizontal and straight, but 
its outer portion bends downward and slightly backward; anterior side 
of this portion distinctly facetted and subtruncated at the lateral 
extremity. No transverse furrow is discernible on the pygidium, insofar 
as it is preserved; axial lobe appears to taper gradually. 

The cephalon exclusive of the spines about 15mm. long and 24mm. 
wide; its glabella measures 7.5mm. in breadth at its base. The rear 
part of the glabella is broken. The axial lobe of the thorax is 13 mm. 
long. This form is most probably isopygous. A faint occipital furrow 
appears to be present, but whether any median tubercle is present or 
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not, is difficult to say. 

Comparison :—Among the asaphids known from China this form 

is most closely allied to Asaphus taningensis WELLER which is repre- 

, sented by a cranidium. They agree with each other in the proportion 

~ of their length to breadth, position of the eyes and the faintly marked 
glabellar outline. It is possible that the former is a grown form of 
the latter, but I hesitate to say that they are of the same species, 
because the cranidium is more strongly convex and its frontal border 
better defined in the latter, while the anterior portion of the cranidum 
becomes broadest at a more posterior point and accordingly the facial 
sutures form a small angle at the front in the former. A small 
median tubercle is distinctly seen in A. taningensis. The comparison of 
this species with Jsotelus gigas var. hupeiensis is given already on 
page 17. 

Noting the close resemblance of this species with Jsotelus maximus 
Locke and I. gigas DEKAY, YABE referred it to Jsotelus. The axial 
lobes of their thoraces, however, are much broader even when com- 
pared in the same stages of growth. Because the most characteristic 
distinction of Jsoteloides RAYMOND from Jsotelus lies in the lobe 
which is broader and more prominent in the former than in the latter, 
this species agrees certainly much better with Jsoteloides than with 
Isotelus. 

In Asaphus canalis WHITFIELD, 1886, which is the type of Jsote- 
loides, and also in Isotelotdes whitfieldi RAYMOND, 1910, however, the 
glabella is more clearly defined and the eyes are located more anterior- 
ly and further removed from the glabella. The outline of the glabella 
is conical in I. whitfieldi, but in I. canalis it is subquadrate and, like 
in this species, slightly contracted near the eyes. 

In Asaphellus homfrayi (SALTER) the dorsal furrows are practical- 
ly obsolete except in the vicinity of the posterior margin. Because 
the essential difference lies in the form of the hypostoma, whether this 
species belongs to Asaphellus or Isoteloides is not definitely determin- 
able until its hypostoma is found. Because its cephalon is sub- 
triangular as commonly seen in Jsotelus, this species is tentatively 
referred to Isoteloides with the possibility that it is probably an inter- 
mediate form in the lineage between Isoteloides and Isotelus. 

Occurrence :—Noluping, Tunghuhsien, Hupei. According to 
WALCOTT (1925) Isoteloides is widely distributed in the northern Rocky 
mountains in the Ordovician formations from the Mons upward. This 
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presumably came from the American side in the latter part of the life 
range of Isoteloides. 


Genus Ptychopyge ANGELIN 


Ptychopyge orientalis KOBAYASHI, new species 
Plate II, figures 3-4. 


1932. Comp. Asaphus asiaticus ENDO, U. S. Nat. Mus. Bull. 164, p. 112, pl. 39, fig. 11-17. 
1935. Comp. Asaphus suni ENDO, Sci. Rep. Tohcku Imp. Univ. 2d ser. vol. 16, p. 218. 


Description :—Dorsal shield ovate; cephalon a little larger than 
the pygidium. Glabella, at least on its anterior side, subcylindrical, 
more or less constricted between the eyes whence it is expanded in 
form of a bulb; dorsal furrow shallow; lateral furrows absent; eyes 
set close to the glabella and a little depressed below the glabella; eyes 
and glabella distinctly elevated above the gently convex cheeks; 
marginal border distinctly depressed, or even concave and broad on 
the anterior side, but becomes narrower toward the postero-lateral 
side; anterior branches of facial sutures bent outward from the eyes 
and, in describing a circle, appear to join with each other at the front. 
Hypostoma unknown. 

Thorax composed of eight segments; axial lobe cylindrical, only a 
little narrower than the pleural lobe, convex and elevated above the 
pleural ones; the pleura on its inner side horizontal and transversal, 
but gently slopes down and turns a little backward on the outer side; 
a deep pleural furrow runs close to the anterior margin of the pleura 
on the inner two thirds of its breadth and then dies out. 

Pygidium twice as broader as high; axis roughly corresponding to 
a fourth of the breadth of the pygidium conical, and terminates 
with a rounded rear inside of the marginal border; pleural lobe convex 
gently, but the convexity becomes more marked toward the marginal 
border; only the first ridge and groove marked on the pleural lobe, 
which, however, do not extend to the border. 

Observation and Measurement :—The cephalon forms a right angle 
with the thorax and pygidium and its posterior side is broken off. 


Dis Anco DeELWecuetleten Cupandsne: semen wen ee eet tere ees neces 4 mm. 
Wenotlmotetiic wiiOtax Mee \sure et aeners sen ere ae Se. 5 ot eee Ca 5 mm. 
Breadta ofthe! aLth st HOLracic /SCRMENE aie seen Heaters cscueesasdeestaades seas 9 mm. 
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Length of the pyvidiamed |,.28..cdd..diies poe he ea 
Breatlthiott the py Sidiuia <...c.c<ssauvesdoese eck voreved seals page oe amen ama 9 mm. 
TenethmotaitsraxialloDelie. css-sesceeece eee ere eee pigs MAC, AS 9 0 Ooh ene 4 mm. 
Breadthiof its axial lobe %,,.).ss;clsssssioceupecaspeceseaans omer aaweiere ee- came 2.3 mm. 


Comparison :—From Ptychopyge (?) neichiensis described below, 
this species can easily be distinguished by the narrower axis of its 
thorax and its longer pygidium. The pygidia, especially the one in 
fig. 14 of Asaphus suni ENDO (=Asaphus asiaticus ENDO, 1932, non 
WELLER. 1907), is very similar to that of this species in most features 
except in the presence of several furrows on the axial as well as 
pleural lobes. The fragmentary cranidia which were combined with 
the pygidia in A. suni by ENDO is quite different from that of Asaphus 
s. str. in the presence of broad and distinctly concave frontal border. 
In this respect it is similar to this cephalon, although the glabella 
appears to expand backward. 

This cephalon resembles Ptychopyge thebawi REED from the Hwe 
Maung formation in Burma, but the glabella is not differentiated into 
a large pear-shaped main lobe and two basal ones as in that species. 
Further distinctions are provided by the pygidium which is distinctly 
furrowed in the Burmese species. According to REED his species is 
related to the Baltic species of Basilicus by SCHMIDT for which REED 
proposed a new name, Pseudobasilicus in 1930. SCHMIDT (1904) on 
the other hand considered his Basilicus and Pseudasaphus as subgenera 
of Ptychopyge. In this Chinese species the furrows on the pygidium 
are not as well developed as usual in Pseudobasilicus and the pear- 
shaped lobe clearly outlined on the glabella in Pseudasaphus is im- 
perceptible. On the basis of the observable characteristics Ptychopyge 
is perhaps the best genus among the asaphids, to which this species is 
referred, 

Occurrence :—Noluping, Tunghuhsien, Hupei 


Ptychopyge neichiensis KOBAYASHI, new species 


Plate II, figures 5-6, 


1883. Comp. Asaphus sp. KAYSER, China vol. 4, p. 38, pl. 3, fig. 4. 

1907. Comp. Asaphus blackwelderi WELLER, Proc. U. S. Nat. Mus. vol. 32, p. 560. 

1913. Comp. Asaphus blackwelderi WELLER, Research in China vol. 3, p. 287, pl. 26, figs. 
Dede 

1932. Comp. Asaphus asiaticus ENDO (non WELLER), U. S. Nat. Mus. Bull. 164, p. 39, 
figs. 14-17, (Pygidia only). 

1935. Comp. Asaphus suni ENDO, Sci. Rep. Tohoku Imp. Univ. 2d ser. vol. LOD alee 
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Description :—Dorsal shield elliptical in outline. Cephalon semi- 
cirular except genal spines which extend as far back as the seventh 
thoracic segment; glabella urceolate, fairly convex and elevated above 
the cheeks; no furrows on the glabella except a weak transversal oc- 
cipital one; a median tubercle found close to this furrow; eyes of medi- 
um size, lunate and located posterior to the mid-length of the glabella, 
where the glabellar outline is contracted; facial suture posterior to the 
“eye extends laterally for some distance and then curves inward and 
downward; in front of the eye it extends antero-laterally; marginal 
border more or less concave and narrower on the postero-lateral side. 
Hypostoma unknwon. 

The axial lobe cylindrical on the thorax, moderately convex and 
elevated above the pleural lobes; axial ring as broad as about one- 
fourth the thoracic segment; pleura horizontal and transversal in the 
inner half, but in the outer half gently inclined and slightly bent 
backward; pleural furrow and rib distinct; this rib crosses the pleura 
diagonally from a point a little inside of the middle of the pleura, 
delimiting the facetted band in front of it. 

The axial lobe conical, four-fifths as long as the pygidium, a 
little broader than one-fourth of its breadth and outlined by a shallow 
furrow, but there is no transverse furrow on it: pleural furrows also 
obsolete except in the most anterior one behind a pleural rib; these 
ribs and furrows, however, die out at a short distance from the lateral 
margin; the pleural lobe convex very slightly on the inner side but 
becomes stronger in the outer. Surface smooth. 

Observation and Measurement :—The type specimen is fairly com- 
plete but unfortunately its anterior and posterior ends of the shield 
are unpreserved, and therefore whether it has an isoteliform or a 
niobiform suture is indeterminable. 


Breactheotstnescephalon mer ..aett none ccrotasecsenc era tencce che eadeciteeter cae anetes Ca 28 mm. 
iBreadtheotathegnecksprin Sass -tereg may cere Shih SUR en sie Mea thet SCRE 8mm. 
Distance, betweensthe: eye: bandses, 7 ot tacscecamn tesatos stances csenedk maaeehe nates 12 mm. 
enctan oft ewthOrax weve wei st eee ceeae ata ee ce earascsoe ue oupaconanewsicceasmaactas 16 mm. 
Breadth of the fifth thoracic segment ................... SSR EEO ea RIE oe 28 mm. 
Breadtarortieritthe axial erin Oe serene: ect wom wreas reise caste erecws cette <coe 7 mm. 
Breadtnt ofatherpyciditinie: ea, oc enae eee aoe eee eee se Tih Sea ae 25mm. 
Length of ifssaxial? lo beri ssccay2 yd vcckhe sa teters cae antes tok Sloth eae cocdsegeeseece 11 mm. 


Breadth of its axial lobe 


Comparison :—In the outline and convexity of the cephalon this 
form certainly resembles Asaphus blackwelderi which was established 
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by WELLER on the basis of a cranidium and a free cheek from Stkiapa, 
Szechuan, but differs chiefly in the developed, though not well defined, 
occipital ring and accordingly in the more anterior position of the 
median tubercle. The eyes appear more elevated and the glabella 
seems to be better outlined by the difference of convexity between the 
glabella and cheeks on their frontal side. Because the cranidium of 
A. blackwelderi is only half as long as that of this species, it is not 
improbable that the former is a specimen in a younger stage of the 
Same species as the latter. 

The pygidium of Asaphus sp. described by KAYSER in 1883 from 
the gray trilobite-limestome of Kiautschangpa, Szechuan, is also very 
similar to that of this species. Asaphus asiaticus WELLER differs from 
this in the broader outline of its pygidium, its broader axial lobe and 
in the more distinct furrows of this species. Jn most respects except 
in the more distinct segmentation in ENDO’s species, this pygidium 
agrees with them, especially the one in fig. 17 on pl. 39, of Asaphus 
asiaticus ENDO, 1932, (i. e. Asaphus suni ENDO, 1935), much better 
than with WELLER’S. 

‘Among the Chinese trilobites these are all which need to be 
brought into comparison. This specices has Several aspects in its 
cephalon and pygidium which are common with the Korean species of 
Parabasilicus, but can easily be distinguished from them by the much 
narrower axial lobe on its thorax. It is even narrower than Asaphus 
s. Str., and furthermore the genal spine is generally absent in Asaphus 
S. Str. 

Because its hypostoma is unknown and its facial suture incompletely 
known, it is quite difficult to decide its generic reference. The breadth 
of the doublure in the pygidium is also unknown, but this form bears 
several diagnostic features of Ptychopyge, such as the highly elevated 
glabella, obsolete lateral furrows, prominent eyes close to the contrac- 
tion of the glabella which is situated fairly posteriorly on the cephalon, 
narrow axis of the thorax and pygidium and obsolete furrows on the 
pygidium. I expect that the facial suture, if exists, is possibly similar 
to that in Ptychopyge pahleni SCHMIDT, and shorter than that of 
Ptychoyyge angustifrons DALMAN. 

Occurrence :—Neichiashan, Sintan, Hupei. 
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Genus Basiliella KOBAYASHI 


Basiliella yunnanensis (REED) 
Plate IV, figures 7-8, 


1917. Ogygites yunnanensis REED, Palaeontol. Indica, new ser. vol. 6, mem. no. 3. p. 42, 
pl. 6, figs. 12-14, pl. 7, figs. 1-8. 

1931. Ogygites yunnanensis SUN, Palaeontol. Sinica, ser. B, vol. 3, fasc. 1, p. 6, pl. 1, figs. 
4a-h. 

1934. Basiliella yunnanensis KOBAYASHI, Jour. Fac. Sci. Imp. Univ. Tokyo, sec. 2, vol. 3, 
pt. 8, p. 486. 

1937. Ogygites yunnanensis YIN, Bull. Geol. Soc. China, vol. 16, p. 292. 


Although the glabelar portion is unknown, the facial suture is 
niobiform as shown in fig. 13, on pl. 6 and the hypostoma forked in 
fig. 12 on pl. 6 (REED), while Ogygites TREMLIN and LEBESCONTE 
founded on Ogygia desmarsti BRONGN. (RICHTER, 1924) has an entire 
hypostoma. The distinct marginal borders are found on the cephalon 
as well as on the pygidium, eyes more or less widely apart, genal spine 
not very long, the axial lobe about one-fourth as broad as the thorax, 
its pleura truncated at the lateral end where it is pointed behind; 
the axial lobe of the pygidium conical but rounded inside of the 
posterior border and the pleural ribs distinct, all being diagnostic of 
Basiliella. The pygidium is semi-circular and its segmentation not so 
numerous as in Basilicus SALTER. On the inferior surface of the 
pygidium, however, numerous fine lines are found distributed almost 
all over the pleural portions. They are divergent equidistantly, form- 
ing a blunt V-shaped curve behind the axial lobe, the aspect never 
seen in the known species of Basiliella, but characteristic of Pseudo- 
basilicus REED, i. e. SCHMIDT’s Basilicus. The facial suture is, how- 
ever, distinctly isoteliform in Pseudobasilicus. Unless this species 
reveals a new genus by itself, it is to be referred to Basilella. 

Sun correctly identified his pygidia from Shihtzupu with REED’s 
species from Pupiao. Because YIN’s specimen from Shihtien is neither 
illustrated nor described in detail, no comment can be given on it. 

Occurrence :—Pupiao and Shihtien, Yunnan and Shihtzupu, Tsunyi, 
Kweichou. ; 
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Family Illaenidae CORDA 


Illaenus yuhangensis SHENG is an early Ordovician illaenid. It is 
quite unexpected to me to see such a broad axial lobe occupying 
about a half of the thorax in the anterior. The next younger is 
Illaenus suni KOBAYASHI from the Omeishan district, Szechuan. The 
axial lobe of the thorax may be also very broad, insofar as can be 
judged from the ultimate segment. The pygidium is longer in the 
latter than in the former. 

The family is well represented in the Neichia fauna by various forms. 
Illaenus binodus SUN looks like REED’s JI. schmidti from Shihtien, 
Yunnan, though the palpebral lobe is quite prominent in REED’s. In 
addition to the faint occipital furrow the two median tubercles in the 
rear of the glabella must be the most important characteristics for 
this species. Hence the name J. binodus. 

Illaenus shihtzupuensis SUN appears to have a narrow concave 
border. Together with it the very broad axial lobe in the thorax 
which is not so distinctly delimited from the pleural parts as usual in 
Illaenus, is quite suggestive of Bumatus for I. shihtzupuensis. 

Though the cephalon of I. portlocki is not well known, the cranidia 
referred to the species by REED (1915), especially the one in fig. 1, la 
on pl. 10 agrees fairly well with that of J. cfr. portlocki from the 
Hwe Maung beds of Burma (REED, 1915) in the breadth of the glabella, 
course of the dorsal furrow and size and position of the eyes, but a 
median tubercle is present in the Burmese form and absent in the 
Girvan form. SuN’s J. cfr. portlocki is, on the contrary, quite distinct 
from them in the broader glabella, larger eyes and especially in the 
expanded outline of the cranidium anterior to the eyes which is certainly 
a significant feature of SUN’s species. 

I. feiluishihensis SUN appears to be allied to I. davidis SALTER. 
His two pygidia compared to J. balchlatchiensis are too incomplete and 
a cranium of his I. cfr. punctulosus too strongly deformed. It is ex- 
tremely difficult to add any further comment out of the given descrip- 
tions and illustrations of these species. 
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Genus Illaenus DALMAN 


Iilaenus sinensis _Y ABE 


Plate II, figures. 1-2. 
1920. Jllaenus sinensis YABE, Geogr. Research in China, 1911- 16, Rep. vol. 3, p. 58, pl. 
18, fig. 10. 


1932. Comp. Jllaenus esmarki SUN, Palaeontol. Sinica, ser. B, vol. 7, fasc. 1, p. 13, pl. 2, 
fig. 6. 


1934. Comp. I/laenus esmarki GORTANI, Spedizione Italiana de Filippi nell’Himalaya etc. 
p. 83, pl. 18, figs. 7a-c. 


Description :—Dorsal shield more or less ovate in general outline, 
but the thorax parallel-sided and narrower than the cephalon. Cephalon 
semicircular, almost twice as broad as long, strongly convex and most 
elevated near the occipital margin; glabella a little narrower than a 
third of the cephalon, outlined by parallel furrows on its posterior 
side where it is strongly convex, vaulting toward the rear; eyes of 
medium size lying posterior to the mid-length of the cephalon; fixed 
cheek measured through the eyes slightly narrower than a half of the 
glabella; free cheek about twice as broad as the fixed cheek; genal 
angle well rounded; anterior facial sutures subparallel, but slightly 
divergent forward; their posterior branches quite oblique to the axis, 
cutting the. posterior margin below the eyes; doublure narrow; 
hypostoma unknown. 

Thorax composed of ten segments; its breadth corresponding to 
that of the basal margin of the cephalon between the genal truncations ; 
axial lobe a little narrower than the pleural one, subcylindrical but 
slightly tapering backward and distinctly elevated above the pleural 
lobes ; pleura nearly horizontal in the inner half or a little less and 
gently inclined and distinctly bent postero-laterally in the rest; an 
obtuse ridge crosses the bent portion diagonally; lateral end of the 
pleura truncated. Surface smooth. 

Observation and Measurement :—Beside YABE’s type there was a 
rolled specimen in the collection of the National University of Peking, 
the label of which is read ‘“ Neichiashan, Sintan, Hupei.” Except the 
axial lobe which is only slightly broader and more cylindrical in 
the latter the two agree with each other in most aspects so well that 
the latter is thought to be no more than a variety of the former as 
described below. 
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Spechnen “Canin Res form var. euryrachis 
rom Noluping | from Neichiashan 
The length of the dorsal shield..................... — 66.5 
The length of the cephalon......... ee ed bes | ‘Ca 240 | 25.0 
The breadth of the cephalon...................006- ne Meat 200 | 30.0 
The breadth of the glabella ........0..sceces | 1.0 | 12.5 
The distance between the eyes....................- Ca 20:0 | 22.5 
Abestenstivof, thenther axe... reer eee +15.0 19.5 
The breadth of the sixth thoracic segment ... Ca -27.0 28.0 
The breadth of the sixth axial ring............... 10.0 | 11.5 
The length of the pygidium .........c.cccseee | — | Ca 22.0 
‘The breadth’ of the pygidiim 070... /.2.-.<-+- | — 28.0 
Mhenlensthuortsraxdalulo beac eres | —— | 8.0 
The breadth yof, its axial lobe... Ficin enn = 10.0 


Comparison :—It is certainly similar to I. revaliensis HOLM. 1886, 
with which YABE compared it; but the fixed cheek is narrower, the 
genal angle broadly rounded, the pygidium shorter and its axis not 
conical as in the Esthonian species. It also resembles J. esmarki 
ScHLoT., J. dalmani VOLB. and I. americanus BILLINGS, but in them 
the cheeks are broader, the glabella expanded near the neck in 
I, americanus and a triangular axial lobe lies on the longer pygidium in J. 
esmarki and I. dalmani ; furthermore these four allies in Europe and Ame- 
rica have a distinct axial groove on the doublure of their pygidium. The 
nearest to this which I can think of now, is GORTANI’s JI. esmarki 
from Caracorum. Jt is represented by a single cephalon, its glabellar 
rear being less convex than that of the Chinese form. Furthermore 
the lateral sides of the cephalon in the frontal view is almost vertical 
in GORTANI’s. 

Occurrence :—Noluping, Tunghuhsien, Hupei. 


Illaenus sinensis YABE var. euryrachis KOBAYASHI, new variety 
Plate III, figures 1-5. 


1932. Comp. Illaenus esmarki SUN, Palaeontol. Sinica, ser. B, vol. 7, fasc. 1, p. 13, pl. 2, 
fig. 6. 
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This variety is represented by a complete dorsal shield which is 
rolled. Its cephalon agrees with that of the typical form in most 
features but its glabella is broad and more prominently elevated near 
the occipital margin. More distinct differences are found in the thorax 
the axial lobe of which is broader, stouter and more cylindrical in 
this variety. 

Pygidium semicircular; axial lobe semi-ovate in outline, short, 
two-fifths as long as the pygidium and slightly narrower than one-third 
the breadth of the pygidium; pleural lobes horizontal on its inner side, 
but abruptly inclined in the two-thirds on the outer side; doublure as 
broad as the inclined border on the lateral side and reaches the rear 
of the axial lobe in the middle part; no axial depression on the 
doublure. Surface smooth. 

SUN’s specimen of Illaenus cft. esmarki from Tsunyi consists of . 
a thorax and a pygidium. It agrees much better with this variety than 
with Baltic J. esmarki, notably in the outline of the pygidium. The 
proportional breadth of the axial ring to the pleura in the posterior side 
of the thorax is about the same as that of this variety, but as in the 
typical form of J. sinensis the axial lobe expands forward with the 
result the ring becomes relatively broad in SUN’s specimen. 

Occurrence :—Neichiashan, Sintan, Hupel. 


Illaenus holmi SuN 


Plate III, figure 6. 


1932. Illaenus holmi SUN, Palaeont. Sinica, ser. B, vol. 2, fasc. 1, p. 12, pl. 2, figs. 5a-b. 


Description :—Dorsal shield elongately elliptical. Cephalon semi- 
circular, convex more or less strongly near the periphery; glabella 
outlined only on its posterior side by axial furrows which curve inward 
near the occipital margin and then extend in parallel; palpebral lobe 
of moderate size located a little posterior to the mid-length of the 
cephalon ; fixed cheek at the eye half as broad as the glabella; anteri- 
or and posterior branches of the facial sutures widely divergent from 
the eyes. Free cheek, doublure and hypostoma unknown. 

Thorax composed of ten segments, gently convex; axial lobe about 
twice as broad as the pleural one, clearly outlined by deep axial fur- 
rows; pleural lobe gently inclined. Pygidium semicircular, but its ante- 
rior margin is broadly arcuate and gently convex; short triangular 
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axial lobe emerges only when light is given from its lateral side. 
Surface probably smooth. 

Observation :—Though the frontal part of the cranidium is cracked, 
this specimen gives an almost complete concept of this species. It 
appears to have a median pustule at about the center of the cephalon. 
The axial furrows are pitted at every point of articulation showing 
muscular attachment. 

The cranidium is 7mm. wide, its length is possibly a little more 
than 6mm.; thorax 6mm. long and 11mm. broad; its axis 5mm. 
broad; and the pygidium 7mm. long and 9.8 mm. broad. 

Comparison :—Among Asiatic illaenids J know none which ought 
to be brought into comparison with this species, but it is quite similar 
to Illaenus fallax HOLM in most characteristics, but the axial lobe 
tends to taper backward in that species from the Chasmopskalk. 

Occurrence :—Shihtzupu, Tsunyi district, Kweichou. 


Family Symphysuridae POULSEN 


Diagnosis :—The most distinguishing characteristics of the family 
are the intramarginal facial suture, accordingly the free cheeks confl :- 
ent in front and the absent rostral plate. The Illaenidae on the con- 
trary have a wide band of the rostral plate and the Asaphidae have a 
sagittal suture. Furthermore the hypostoma provided with a pair of 
remarkably developed lateral wings is quite different from those of the 
two families. 

) Remark :—Beside Symphysurus, Nileus can be safely referred to 

this family. Nileuws pater HOLUB, however, ought to be segregated 
from Nileus for which a new name, Paranileus, is proposed as a 
member of the same family. Moreover, as suggested by REED (1930), 
Nileus holoubkowensis RUziCKA is distinct enough to be separated 
from Nileus for which Pseudonileus is erected here, but its reference 
to this family is not quite convinced. Similarly, whether Psilocephalus, 
Illaenopsis, Barrandia and Homalopteon (REED 1930, 31) are the mem- 
bers of this family, need an intensive investigation. But Tsinania once 
suggested to be a member by ULRICH (in WALCOTT, 1925) is evidently 
not a member but an intimate relative of Mansuyia SuN (1935), as 
will be discussed in a near future. According to BROGGER (1896) and 
REED (1931) Platypeltis CALLAWAY is a synonym of Symphysurus 
GOLDFUSS, 
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Genus Nileus DALMAN, 1843 
Nileu armadillo DALMAN 


1843. Nileus armadillo BURMEISTER, Organization of Trilobites, p. 106. 

1847. Nileus armadillo HAWLE and CorDA, Prodrom einer Monographie der Boehmischen 
Trilobiten, p. 52, pl. 4, fig. 35. 

1854. Nileus armadillo ANGELIN, Palaeontol. Scand. p. 19, pl. 16. figs. 5a-c. 

1864, Nileus armadillo SALTER, British Trilobites, p. 148 & 171, fig. 39. 

1882. Nileus armadillo BROGGER, Die Silur. Etagen 2 u. 3 etc., p. 62. 

1882. Nileus armadillo var. depressa BROGGER, ibid, p. 62, pl. 7, fig. 6a. 

1882. Nileus armadillo var. oblongata BROGGER, ibid. p. 64, pl. 12, fig. 8. 

1886. Nileus armadillo BROGGER, Bidhang till k. Svenska Vet.-Akad. Handl. Bd. 11, Nir 
3, p. 64, pl. 3, fig. 40. 

189). Nileus armadillo POMPECKJ, Beitr. zur Naturk. Preuss. Phys.-Oekonom. Gesell. zu 
Konigsberg, 7, p. 84, pl. 3, fig. 32. 

1901. Nileus armadillo LINDSTROM, Kongl. Svenska Vet.-Akad. Handl. Bd. 34, Nir 8, p. 
61, pl. 5, figs. 10-15. 

1904. Nileus armadillo SCHMIDT, Mem. Acad. Imp. Soc. St.-Pétersbourg, sér. 7, vol. 3, p. 
64. pl. 8, figs. 12-18. 

1906. Nileus armadillo MOBERG and SEGERBERG, Lund Univ. Arssk. N. F. Afd. 2, Bad. 
23 Nir 7; p. 93, pl-6; figs. 1-5. 

1909. Symphysurus sp. REED, Quart. Jour. Geol. Soc. London, vol. 45, p. 150, pl. 6, fig. 12. 

1910. Nileus armadillo REED, Quart. Jour. Geol. Soc. London, vol. 46, p. 273, pl. 22, figs. 
Tec 

1917. Nileus armadillo REED, Palaeontol. Indica, new ser. vol. 6, no. 1, p. 49, pl. 8, fig. 5. 

1932. Nileus walcotti ENDO, U. S. Nat. Mus. Bull. 164, p. 113, pl. 39, fig. 10. 

1934. Nileus armadillo GORTANI, Shed. Ital. Filippi nel’ Himalaya, Caracorum e Turchestan 
Cinne, 1913-14, ser. 2, vol. 5, p. 73, pl. 17, figs. 2-4. 

1934. Nileus armadillo var. expansus GORTANI, ibid, p. 76, pl. 17, figs. 5a-d. 

1940. Nileus armadillo var. depressa STERMER, Norsk Geol. Tidsk. vol. 20, p. 142. 

1940. Nileus armadillo var. oblongata STéRMER, ibid, p. 143. 


When ENDO established Nileus walcotti in 1932 he made its com- 
parison simply with Nileus pzrkinsi RAYMOND, 1910, which RAYMOND 
had already segregated out of Mleus and for which he instituted 
Nileoides in the Asaphidae in 1920, because N. perkinsi has the sagittal 
suture and the eyes are relatively small and further located more 
posteriorly.. On the other hand its closest alliance with GORTANI’s 
Nileus armadillo inclusive of var. expansus GORTANI from the_ Chisil 
Pass, Caracorum, is undeniable, the separation of the variety from the 
typical form being a matter of opinion. The two localities of N. armadillo 
is linked by the hypostoma described by Reep from Pupiao. Although 
his free cheek of Nileuws sp. from the same locality is too fragmentary 
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to say anything definite, this hypostoma is quite typical of Néleus 
armadillo, as can be warranted by its comparison with those illustrated 
by BROGGER (1886), LINDSTROM (1901) and others. 

Two varieties of N. armadillo, that is, depressa (SARS and BOECk), 
and oblongata (BOECK) are illustrated by BROGGER in 1882, but their 
types appear to be lost. (ST@RMER, 1940). They are different in minor 
features, but nevertheless N. armadillo from Norway, Sweden and Es- 
thonia as a whole is remarkably well qualified. The occurrance of 
this species in the Glensault district, Jreland, was reported by REED 
in 1910. N. limbatus BROGGER which has a longer glabella and some- 
what smaller pelpebral lobes is restricted to occur in the transitional 
beds between the 3a8 and 3ay, i. e. between the Caratopyge shale and 
limestone in Norwary. WN. armadillo occurs in a range from the Mega- 
laspis limestone (3cx) to the Ogygia (4a2) shale in Norway and from 
the lower red Orthoceros limestone to the Cystoid limestone in Sweden, 
while on the Esthonian side it is known from the expansus stage (Bap). 

Among BILLINGS’ three species, N. affinis from the Levis con- 
glomerate was refigured in 1912 and N. macrops and WN. scrutator 
redescribed in 1925 by RAYMOND. In the first species the glabella 
behind the eyes is relatively long and very distinctly delimited by 
parallel dorsal furrows and:-its eyes appear to be located more anteri- 
otly than in the two others. The second has a much longer cranidium 
than the third. Among them the third species may be the closest to 
N. armadillo, but can readily be distinguished on account of the 
median tubercle which lies unusually. close to the occipital line in WN. 
scrutator. The eyes are much smaller in Vogdesia vigilans (MEEK 
and WORTHEN) than in N. armadillo and the eyes are developed in N. 
striatus WHITFIELD so unusually that it must be excluded from 
Nileus. 

These species may be all that belong to Nileus. In conclusion it 
can be mentioned that Nileus walcotti is certainly distinct from all of 
the American species of Nileus. Although the preservation is incom- 
plete, it agrees best with N. armadillo. This identification is sup- 
ported by the occurrences of N. armadillo in Yunnan and Caracorum. 

Occurrence :—Near Ningkiang, Shensi; Pupiao in Yunnan; Chisil 
pass in Caracorum; and Glensaul district in Ireland. In Norway it 
ranges from Skiddavian to Llandeilian; from the Llandeilian Ovtho- 
ceros limestone to the Caradocian Cystoid limestone in Sweden and in 
the expansus stage in Esthonia. 
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Genus Paranileus KOBAYASHI, new genus 


Diagnosis :—Similar to Nileus, but the anterior facial sutures 
directly convergent, and on the hypostoma a pair of maculae are 
located far back, instead of at the mid-length in Nileus. 

Type :—Nileus pater HOLUB (monotypic). 

Distribution :—Tremadocian in Bohemia. 


Genus Pseudonileus KOBAYASHI, new genus 


Diagnosis :—Similar to Nileus but the anterior facial sutures 
widely divergent and in addition, eyes smaller and more apart from 
the glabella than as usual in Nileus. 

Type :—Nileus holoubkovensis RUCIZKA (monotypic). 

Distribution :—Tremadocian in Bohemia. 


Family Calymenidae MILNE-EDWARDS 


Among seven species, so far knwon from Central China “ Caly- 
mene” kweichouensis SUN is too badly preserved to give any further 
comment. (See p. 36). Calymene tingi SUN bears a remarkable precrani- 
cal spine like Calymenella boiselli BERGERON and the projection is 
spatulate in Calymene unicornis REED and also in Calymene (Syn- 
homalonotus ?) pompeckji KOBAYASHI. Because it is such a_charac- 
teristic that is never seen in any genus of the Calymenidae which | 
am aware, Calymenesun and Reedocalymene are proposed here respec- 
tively on the basis of C. tingi and C. unicornis. 

As reviewed elsewhere (KOBAYASHI, 1937), the family has been stud- 
ied by KEGEL, SHIRLEY and others very closely since the comprehensive 
revision by POMPECKJ, with the result Calymene s. |. is splitted into 
several genera. Therefore modernized generic references are suggested 
to the Chinese species. A remarkable fact thus emerges is that 
Synhomalonotus and Pharostoma are found to be widely distributed 
from Europe to Central China through the Himalayas. 


Genus Synhomalonotus POMPECKJ 


Synhomalonotus kaysert KOBAYASHI, new species 


Plate III, figure 7. 


1883, Calymene sp., KAYSER in RICHTHOFEN’s China, vol. 4, p. 28, pl. 3, fig. 5, 
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1398. Synhomalonotus sp., POMPECKJ, Neues Jahrb. fur. Min. etc. Jahrg. 1898, Bal 1, 
pialos 


Description :—Cranidium apparently subtriangular; Glabella long, 
subtrapezoidal, convex and provided with three pairs of lateral fur- 
~ rows, the anterior pair of which are very weak and the posterior 
ones very strong, quite oblique and somewhat bent rearward, while the 
two other pairs are nearly transversal; neck furrow deep and neck ring 
narrows near the lateral ends; eye ridge distinct and highly oblique; 
fixed cheek bent up there toward the eye; preglabellar boss prominent 
and clearly defined subtriangularly by divergent furrows. 

Observation :—On the left side of the observer, the posterior lateral 
furrow is forked but unforked on the other side. 

Comparison :—KAYSER correctly compared this species with 
Calymene tristani BRONGN., C. parvifrons SALTER and C. parvifrons 
var. murchisoni SALTER the last of which is recongnized by SHIRLEY 
as an independent species, and all of them belong to Synhomalonotus 
s. str. POMPECK] classified Synhomalonotus into the tristani and argo 
groups in addition to Ptychometopus and referred KAYSER’s to the argo 
group for which Novak later proposed a new name, Colpocoryphe. 
With the strength of the prominent boss KAYSER’s is evidently more 
allied to C. tvistant which is the type of Synhomalonotus s. str. 

Compared to C. tristani, C. parvifrons, and C. murchisoni however, 
its free cheek is narrower and its eye ridge is more oblique and pro- 
minent. In C. nivalis SALTER the glabella is shorter and more trian- 
gular and the test granulated; the boss is broader and subquadrate in 
C. birmanica REED. 

Occurrence :—Kiautschangpa, Szechuan. 


Synhomalonotus (?) sp. 


1931. Calymene tingi SUN, Palacontol. Sinica, ser. B, vol. 3, fase. 1, p. 29, pl. 3, fig. 9g 
only. 


This cranidium is quite different from all others of C. tingi in 
the presence of a relatively small but distinct boss and the triangular 
outline of the glabella which is well rounded in front. It is similar 
to C. nivalis SALTER, but there are only two district lateral furrows, 
instead of three in the SALTER’s and the test is not granulated. 

Occurrence :—Feilaishih, Tsunyi, Kweichou. 
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Genus Colpocoryphe Novak 


Colpocorphe paronai (PELLIZZARI) 


Plate V, figure 7. 


1913. Calymene paronai PELLIZZARI, Rev. Ital. di Palaeontol. vol. 19, pl. 1, figs. 1la-c, 
text-fig. 1. 


Description :—Cephalic outline distinctly sinuated in front; glabella 
conical, strongly convex, elevated above and separated from the cheeks 
by deep dorsal furrows; three pairs of transverse lateral furrows 
divide the glabella into lobes; occipital furrow deep and _ transversal ; 
occipital ring as thick as these lateral lobes; eyes located at about the 
mid-length of the cranidium; fixed cheek at the eye narrow, cor- 
responding to about one-third the breadth of the neck ring; free cheek 
convex, elevated toward the eye and bordered by a thick rim and deep 
groove; facial suture gonatoparian. Hypostoma unknown. 

Thorax composed of thirteen segments; axial lobe apparently 
subcylindrical, convex, prominently elevated above the pleural lobes. 

Pygidium subtriangular; axial lobe one-fourth as broad as the 
pygidium, conical, prominent, comprising nine or ten rings, from the 
last one of which the terminal lobe extends as far as the posterior 
border; pleural lobe gently convex and inclined toward the periphery ; 
convex border apparently delimited by a shallow furrow on its inner 
side, Surface minutely granulated. 

Measurement :—The carapace is about 48mm. long; the cephalon 
11 mm. long and 23mm. broad; its glabella 8mm. long; the pygidium 
10mm. long and 12 mm. broad. 

Comparison :—This species is represented by a complete rolled 
specimen. PELLIZZARI noted its close alliance to Calymene duplicata 
(MURCHISON) on which Platycalymene is’ founded. They are certainly 
similar to each other, but different in the position of the eyes, glabellar 
outline, course of the facial suture, the outline of the pygidium and 
notably in the upturned frontal margin of the cephalon as seen in 
Calymene argo, the type species of Colpocoryphe, and its _ allies. 
Although the eyes are located unusually posterior for this genus, the 
transverse lateral furrows and the triangular pygidium reveal the 
affinity to C. argo. 

Occurrence :—Leanshan, Shensi. 
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Genus Calymenesun KOBAYASHI, new genus 


Diagnosis :—Calymenidae with aprominent precranial spine. Fur- 
ther notes are given in the monotypic C. tingi. 

Type :—Calymene tingi SUN. 

Distribution :—Ordovician ; Central China. 


Calymenesun tingi (SUN) 
Plate IV, figure 11. 


1931. Calymene tingi SUN, Palaeontol. Sinica, ser. B, vol. 3, fasc. 1, p. 29, pl. 3, figs.. 9a-f, 
h, non, g. 


Description :—Cephalon semielliptical, convex, strongly bent ventral- 
ly near the genal angle; glabella truncato-conical, short, expanding 
abruptly in the posterior; two pairs of lateral furrows found on the 
glabella, the posterior pair of which are deep, diagonal and sometimes 
become confluent with each other on the axis; anterior lateral lobe 
short where the glabellar outline is somewhat contracted ; occipital ring 
thickened medially; dorsal furrow deep; eyes prominent and close-set 
to the anterior lateral furrow; two shallow furrows extend from the 
glabellar front and the preglabellar area between them is swelling up 
but it is interrupted by a shallow concavity through the marginal bor- 
der; a long spine issues from the frontal part of the cranidium. Free 
cheek broad. Facial suture gonatoparian; those anterior to the eyes 
scarcely extend beyond the parallels through the eyes and curving 
inward near the border; their posterior branches transversal on the 
inner side but gently turning back on the outer. 

Pygidium semicircular; axial lobe provided with six or more rings; 
on the pleural part there are five or more ribs none of which is, 
however, grooved on the top. 

Comparison :—Although the spine.and the swell behind it reveal 
the resemblance of this species with Calymenella boisseli BERGERON, 
its glabellar and other aspects are certainly typical of the Calymenidae, 
while in BERGERON’s the glabella is subquadrate and lateral furrows 
are obsolete. Hence his species is more allied to the Homalonotidae 
to which it is referred by POMPECKJ and others. 

Occurrence :—Failaishih and Shihtzupu, near Tsunyi, Kweichou. 
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Genus Reedocalymene KoBAyYASsHI, new genus 


Diagnosis :—Calymenidae with a large precranial tongue on which 
there are a medio-posterior swell and anterior axial ridge; cephalon 
exclusive of the tongue extraordinarily wide and subtriangular ; glabella 
truncato-conical, short and provided with three pairs of lateral furrows ; 
eyes small, located close to the glabella; facial suture gonatoparian. 
Pygidium well rounded in outline; axial lobe narrow, conical in front 
and subcylindrical in the rear; pleural ribs mesially furrowed near 
the periphery. 

Type :—Calymene unicornis REED. (Pl. IV, figs. 12-14) 

Remark :—The type species is described in detail and three cephala 
and a pygidium are illustrated by REED. Because the more concept is 
obtainable with the cephalon in figs. 10 and 10a, it must be selected 
for the holotype. 

Ignoring the taxonomic value of the tongue, REED referred the 
species to Calymene. But it is, I think, well qualified as a new genus. 
In the presence of the precranial projection it resembles Calymenesun 
tingi, but it is remarkable that the swell is extending far beyond the 
general outline of the cephalon. Furthermore, if the associated pygidia 
are correctly referred to these species, the two are far more distinct 
from each other. Reedocalymene unicornis may be closer to Calymene 
(Synhomalonotus?) pompeckji KOBAYASHI in the presence of the tongue 
and the same kind of the pygidium. 

Distribution :—Ordovician; Pupiao, Yunnan. 


Genus Flexicalymene SHIRLEY 


Flexicalymene conica KOBAYASHI, new species 


° 


1932. Calymene (?) sp. undt. ENDo, U. S. Nat. Mus. Bull. 164, p. 114, pl. 39, fig. 9. 


In the relatively narrow cranidium, truncato-conical glabella, three 
pairs of lateral furrows and prominent eyes located relatively anteri- 
orly, this species appears to be allied to Synhomalonotus, but there is 
no characteristic boss. On the contrary, there is a peculiar strong 
depression in front of the glabella, whence the border is upturned. On 
this account it reminds one of Flexicalymene caractaci (SALTER), but 
its glabella is evidently narrower and not rounded in front as usually 
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seen in Flexicalymene. The eye ridge is weak; a median tubercle 
appears to be present on the occipital ring. This is, I think, probably 
a primitive form of Flexicalymene. 

Occurrence :—Near Chaohua, Szechuan. 


Genus Pharostoma CORDA 


Pharostoma parapulchra KOBAYASHI, new species 
Plate III, figure 9. 


1932. Calymene pulchra SUN, non BARRANDE, Palaeontol. Sinica, ser. B, vol. 7, fase. 
pat, pla 3, gs: Ga=b: 


Because there is no free cheek and the anterior border of the 
cranidium broken off, whether this species has a genal spine or whether 
a row of minute spines are alined along the periphery of the cephalon, 
cannot be ascertained. Nevertheless its posterior furrow is distinctly 
forked by a projection of a lobelet. A crescentic platform is seen out- 
side of the large posterior lateral lobe. A subtriangular area is clearly 
defined on each side of the anterior of the glabella and the frontal 
furrow runs across the front. Surface is tuberculated. 

As SUN’s identification suggests, it is quite similar to the Pharostoma 
pulchra and more similar to this Bohemian species than to the 
Esthonian ones. There is however, the distinct eye ridge through which 
it can readily be distinguished from P. pulchra. 

Occurrence :—Shihtzupu, 10 li north of Tsunyi, Kweichou. 


Family Cryptolithidae ANGELIN (Trinucleidae EMMricH) 


Merit to the recent studies by STETSON, BANCROFT, ST/RMER and 
others our knowledge on the family has greatly been improved. Some 
thirteen genera have been referred to the family and they are Cryfto- 
lithus GREEN, 1832, Trinucleus MURCHSON, 1839, Tvretaspis McCoy 
1849, Orometopus BROGGER, 1896, Tvinucleoides RAYMOND, 1917, 
Botrioides STETSON, 1927, Marrolithus BANCROFT, 1929, Reedolithus 
BANCROFT, 1927, Reuscholithus BANCROFT, 1927, Salterolithus BAN- 
CROFT, 1929, Onnia BANCROFT, 1933, Broeggerolithus BANCROFT, 1935 
and Ulricholithus BANCROFT, (1933), 1949. 

Orometopus was thought to be ancestral to the family by LAKE, 
SWINNERTON and REED, but this relation questioned by RAYMOND and 
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STETSON. Botriovides was synonimized with Tyinucleus and Bvoeg- 
gerolithus, Marrolithus, Onnia, Reuscholithus and Ulricholithus are 
thought no more than subgenera of Cryptolithus by ST@RMER. 

In Eastern Asia this family is not well represented. Among the 
three Central Chinese Trinuclid species one belongs to Reedolithus or 


at least Tretaspis (s. 1.) inclusive of Reedolithus, another to Trinucleus 
and still another to Cryptolithus. 


Genus Trinucleus MURCHSON 


Trinucleus welleri (ENDO) 


1932. Cryptolithus welleri ENDO, Bull. U. S. Nat. Mus. 164, p. 111, pl. 39, figs. 3-8. 


The glabella is obovate and has three pairs of furrows. The 
surface is pitted. Pits on the brim are in 2 rows in front but become 
8 rows on the lateral side; those in the outer 2 or 3 rows very large. 
Those in the inner 2 or 3 rows are said to be radially arranged while 
the remainders alternate with one another. Deep radial sulci as seen 
in Trinucleus foveolatus are, however, clearly shown in one of the 
cephala in fig. 5 and also another in fig. 3. Although no mention has 
been given, the lateral eye tubercle is seen in the one in fig. 4. The 
frontal pseudolobe appears to be present. Therefore this species is 
more properly located in Tvinucleus than in Cryptolithus. 

Occurrence :—Near Chienkohsien and Chaohua, Szechuan. 


Genus Cryptolithus GREEN 


Cryptolithus multiseriatus ENDO 


1932. Cryptolithus multiseriatus ENDO, Bull. U. S. Nat. Mus. 164, p. 110, pl. 39, fig. 2. 


The glabella is obovately bulbous and furrows undeveloped on it; 
frontal pseudolobe and lateral eye-spots apparently absent. The brim is 
flat, broadened on the antero-lateral side, provided with pits in 6 or 7 
rows in the anterior but increasing to 11 or 12 rows on the lateral 
side and at the same time the pits are gradually enlarging. While the 
inner pits tend to be radially aligned, the outer ones are alternating; 
radial sulci undeveloped. The glabella and cheek lobes are marked 
with minute pits. . 

This species is a solitary representative of Cryptolithus in the 
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strict sense. It was compared to Cryptolithus tessellatus GREEN by 
ENDO. 
Occurrence :—Huangpayi, Shensi. 


Genus Reedolithus BANCROFT 


Reedolithus richthofeni (KAYSER) 
Plate III, figure 8. 


1883. Trinucelus richthofeni KAYSER, in RICHTHOFEN’s China, vol. 4, p. 39. pl. 3, fig. 6. 

1927. Tretaspis richlhofeni STETSON, Bull. Mus. Comp. Zool. vol. 68, no. 2, p. 99. 

1930. Reedolithus richthofeni STédRMER, Skrift. Norsk Vidensk.-Akad. Oslo, 1, Mat.- 
Naturv. Kl. No. 4, p. 13. 


Beside one median and two lateral eye-tubercles KAYSER noted the 
presence of a tubercle at the base of the glabella. On the replica 
bofore hand which was taken from the holotype, however, the last 
mentioned tubercle is seen not as much isolated from the glabella as in 
KAYSER’s illustration. There are three pairs of short lateral furrows 
which are deep and even pitted at a short distance from the lateral 
margin of the glabella. The posterior one of them is confluent with 
the occipital furrow and the ridge in front of that furrow becomes 
fairly prominent on the postero-lateral side, this prominence being 
what KAYSER called a tubercle. 

As suggested by KAYSER, STETSON referred this species to Tvetaspis, 
and later ST@RMER placed it in Reedolithus. Like Reedolithus carina- 
tus (ANGELIN) its glabella is carinated and pits on the brim larger in 
the outer. But the number of the rows decreases in front and no oc- 
cipital spine can be seen. 

Occurrence :—Kiautschangpa, Szechuan. 


Family Raphiophoridae ANGELIN 


Ampyx DALMAN, 1826, Raphiophorus ANGELIN, 1854, and Loncho- 
domus ANGELIN, 1854, are referred to this family, their type species 
being Asaphus (Ampyx) nasutus DALMAN, 1827, Raphiophorus setiros- 
tris ANGELIN, 1854, and Ampyx rostratus SARS, 1835, respectively. 
The glabella is oval and the thorax have six segments in Ampyx, while 
the glabella is obovate and the thorax has five segments in Raph- 
tophorus. The prismatic spine issuing from the narrow glabella is 
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most diagnostic for Lonchodomus of which the thorax consists of five 
segments. Ampyx is the one generally accepted which was classified 
by VOGDEs into the Brevifrontes and Longifrontes in 1893. Later in 
1925 RAYMOND distributed twenty species represented by nearly com- 
plete shields into the three genera. There are, however, some fifty 
species to be brought into consideration. 

Four Ampyx described from Central China are all represented by 
fragmentary specimens and they are as follows: 

1) Ampyx chinensis WELLER, 1907, from Sikiapa is represented 
by a cranidium without spine. As noted by the author, it is closely 
allied to Ampyx nasutus DALMAN, but the axial keel is quite distinct 
in this species. 

2) Ampyx cfr. costatus BOECK by WELLER, 1907, from Siikiapa 
which is represented by a fragmentary cranidium resembling the 
species illustrated by ScHmIDT. The specimen is not illustrated. A. 
costatus SARS and BOECK is referred. to Raphiophorus by RAYMOND. 

3) Ampyx yohi Sun, 1931, from Tsunyi district represented by an 
incomplete cranidium with a frontal spine which is flattened or even 
concave on the surface. On account of the median keel it is compared 
with Ampyx drummuckensis REED, 1903, which is referred to Ampyx 
by RAYMOND. 

4) Ampyx sp. by SuN, 1931, from Shihtzupu, Tsunyi district, 
is represented by an incomplete and deformed cranidium. 


Postserpt 4. 


Raymondella Reep is placed in the Raphiophoridae by RayMonp (1925), 
Kosayasui (1940) and WuittrINcTron (1950) and Ampyxina Utricu in the 
same family by WHITTINGTON (1950). 


Ill. The Ordovician Trilobite Faunas in 
Central China. 


In Central China there are four or more distinct trilobite faunas. 
Their relation to the faunas in other places and their ages are the 
subjects to be discussed in this chapter. 

The oldest of them is the Asaphopsis-Birmanites fauna of Che- 
kiang in which Niobe (or Niobella) is an additional important member. 
As revised already (KOBAYASHI, 1950), it consists of the following 
species :— 

Asaphopsis welleri (SHENG) 

Birmanites birmanicus (REED) 

(Text-figure 1) 

Niobe kientehsiensis (SHENG) 

Niobe chekiangensis (SHENG) 

Niobe chui (SHENG) 

Illaenus yuhangensis SHENG 

The decision for the reference 
of the three asaphids to Niobe or 
Niobella must await the finding of 
their hypostomata. From the as- 
pect of the dorsal shield, however, 
it is noted that N. chui is allied to 
N. fourneli from the lower Areni- 
gian of South France, while the two other species may be related to 
N. insignis, N. obsoleta and N. laeviceps from the upper Tremadocian 
of Scandinavia. More important is Asaphopsis which is known to 
occur in the Tomkol shale of South Korea, the Dongson sandstone of 
Thanh-hoa, North Annum, the Junee mudstone of Tasmania and the 
upper Tremadocian Asaphelina zone of the Montagne Noire in South 
France. Birmanites is on the other hand endemic to Eastern Asia. 
In South Korea Ogyginus aff. cordensis from the Asphellus zone of 
Saishori reveals some resemblance with Birmanites, although its real 
relationship cannot be warranted because it is represented by a single 
pygidium. In the Hwe Maung beds in the Shan plateau of Burma 
Birmanites birmanicus is found in association with Ptychopyge thebawi, 
Ptychopyge (Basilicus) titanica, Megalaspis aff. hyorhina, Illaenus aft. 


Text-figure 1 Birmanites birmanicus 
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portlocki, Holometopus orientalis, Encrinurella insangensis and Ptery- 
gometopus dagon var. wynei. Among them it was suggested (KoBaA- 
YASHI, 1936) that Ptychopyge thebawi and Megalaspis aff. hyorhina 
look more similar to the Tomkolian Asaphelli than any other asaphids 
in Eastern Asia. Judging from the other fossils in association however, 
the Birmanites fauna of Burma may be a little younger than that of 
Chekiang and may be either late Tremadocian or early Arenigian: 
On the contrary the Tremadocian age of the Asaphopsis-Birmanites 
fauna of Chekiang is quite decisive. It is probably younger than 
early Tremadocian because neither one of Dictyonema flabelliforme, 
Hysterolenus (?) laevicauda or any other early Tremadocian member 
is accompanied. Therefore the occurrence of Clonograptus tenellus 
var. callavei, a middle Shineton member with Nivbe kientehsiensis var. 
ovatus in the Tanchiachiao shales in Southern Anhui is an evidence 
supporting this conclusion. It is also significant that there is none 
which maintains any affinity to the Charchaq fauna in Eastern Tien- 
shan (TROEDSSON, 1937). 

As it is intimately related to Tasmanian fauna in one way and to 
that of South France in another, the next younger Taihungshania 
fauna is closely allied to the Arenigian faunas of New Zealand and 
South France. This fauna is known to occur in Central China at 
Leitap’o, Hsinkaiszu in Sezchuan, Lokopien in Kwanyinchiao district 
and Wenshui in Hsishui district, both in Kweichou and Taihungshan 
in Nanchang district in Hupei. The fauna from these localities con- 
sists of the followings :— 

Hagiorites omeishanensis KOBAYASHI 

Taihungshania shui SUN 

Taihungshania brevica SUN 

Omeipsis huangi (SUN) 

Asaphus (2?) hupeiensis SUN 

Illaenus sunt KOBAYASHI 

Onchonotus (?) minor (SUN) 

The most important is Taihungshania which is distributed in the 
upper Tremadocian and lower Arenigian of the Montagne Noire, South 
France and in South Island of New Zealand. Hagiorites broggeri is a 
member of the Summardia fauna of Scandinavia; Asaphus (?) 
hupeiensis resembles Asaphellus as well as Isoteloides, and Illaenus 
sunt appears to be somewhat allied to [//laenus vuhangensis. Omeipsis 
is so far represented by a solitary species in Central China. If the 
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dubious Onchonotus and Isoteloides are left out of consideration, the 
fauna in question reveals no affinity to the Arcto-American fauna. 
The assemblage shows that the fauna is Arenigian rather than Trema- 
docian and most probably either early or middle Arenigian. Jn this 
- connection it is noteworthy that the Meitan graptolite shale which 
is thought to be heteropic from but approximately synchronous with 
the Taihungshania beds yields Callograptus huangpingensis YU at 
Pengshui and Phyllograptus wuliapoensis YU at Wuliapo, both in 
Kweichou, Tetragraptus reclinatus ELLES and Woop at Chaot’ingtze, 
Hunan and Didymograptus nitidus (HALLE) at Matienkou, Yunnan. 
(YU in GRABAU, 1937). 

Basiliella yunnanensis is a characteristic member of the thrid 
fauna at Shihtzupu and Feilaishih in Kweichou and Pupiao and Shih- 
tien in Yunnan. The first locality yields the followings :— 

Prosophiscus (2) sp. 

Amphilichas browni (SNU) 

Oncholichas sinensis (SUN) 

Basiliella yunnanensis (REED) 

Ilaenus holmi SuN 

Illaenus esmarki SUN 

Illaenus binodus SUN 

Bumatus shihtzupuensis (SUN) 

Pharostoma parapulchra (SUN) 

Synhomalonotus (?) sp. 

Calymenesun tingi (SUN) 

Ampyx yohi SUN 

The inclusion of Oncholichas and Amphilichas and also of Illaenus 
holmi resembling I. fallax suggest late Ordovician or Ashigillian for 
the age of the fauna, but J//aenus esmarki is an early Llandeilian 
species and Pharostoma is more common in Llandeilian than in Cara- 
docian. 

Except Basiliella yunnanensis no species is common to the 
Shihtzupu and Failaishih faunules. The latter consists of Ampyx sp., 
Illaenus tingi SuN, Ilaenus feilaishihensis SUN and some other species 
of Illaenus (Sun’s I. balchlatchiensis, I. cfr. baichlatchensis and I. cfr. 
portlocki). The two faunules, however, agree with each other in the 
dominance of I/laenus. 

Basiliella yunnanensis was first described from Pupiao where it 
is found associated with 
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Remopleurides aff. latus OLIN, 

Illaenus cfr. esmarki SCHLOTHEIM, 

Nileus armadillo DALMAN, 

Reedocalymene unicornis (REED), 
and other fossils among which there are Didymograptus murchisoni, 
D. murchisoni var. geminus, D. indentus and Climacograptus cfr. 
scharenbergi. Therefore this faunule of Pupiao must be early Llandei- 
lian. At Shihtien B. yunnanensis is accompanied by Synhomalonotus 
birmanicus, Ampyx reedi (i. e. REED’s A. macallumi), Didymograptus 
nanus and other fossils, but no cystidians (YIN, 1937). This upper 
Arenigian shale is overlain by the Hengshuitang limestone with the 
Sinocystis horizon in the lower and the Camarocrinus horizon in the 
upper part, which is correlated with the Naugbaw limestone of Burma 
(YIN and Liu, 1936). In the Shihtzupu shale in the Tsunyi district on 
the other hand the Avistocystis fauna containing Sinocystis loczyt is 
combined with the Basiliella yunnanensis fauna. 

It can hardly be overlooked that REED’s Remopleurides aff. latus 
is almost identical with Robergia striata ENDO from Huangpai in 
Shensi where Cryptolitus multiseriatus ENDO, Asaphus (?) sunt ENDO, 
Basilicus (?) sp., Bathyurus (?) sp. and several brachiopods are found 
in association. 

At Noluping, Tunghuhsien in Hupeh, Usui has collected the fol- 

lowings :— 

Isoteloides usuti (YABE), 

Ptychopyge orientalis KOBAYASHI 

Illaenus sinensis YABE. 

At Neichiashan, Sintan, in Hupeh are collected the following two 
trilobites :— 

Ptychepyge neichiensis KOBAYASHI 

Illaenus sinensis var. euryrachis KOBAYASHI 

Among them J/laenus sinensis and its variety euryrachis are inti- 
mately related to Sun’s I. esmarki from Shihtzupu and GORTANI’s 
I. esmarki from Chisil pass in Caracorum. Illaenids are very common at 
the last mentioned locality as they are at Failaishih and Shihtzupu. 
Nileus armadillo var. expansus collected from Chisil pass appears so 
similar that it belongs to an identical species with Nileus walcotti ENDO 
from Ningkiang in Shensi. 

These faunules found at Ningkiang and Huangpai in Shensi, 
Noluping and Neichiashan in Hupeh, Shihtzupu and Failaishih in 
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Kweichou, Pupiao and Shihtien in Yunnan and Chisil pass in Cara- 
corum are about the same age, because they are mutually allied in 
one or the other aspect. Their important members are Basiliella 
yunnanensis, Illaenus sinensis (or I. esmarki), Nileus armadillo and 
Robergia striata with which their age is thought to be Llandeilian and 
probably its early part, unless there is any of the late Arenigian age. 
The conclusion is in support of the associated graptolites so far known. 

It is certainly remarkable that such rostrate calymenids like 
Calymenesun and Reedocalymenz occur in Kweichou and Yunnan 
respectively, for they are aberrant endemic genera. Synhomalonotus s. 
1. in addition to Pharostoma, is on the other hand widely distributed. 
O. nivalis SALTER in Himalaya, C. birmanica REED in Burma and 
probably C. douvillei MANsuy in Tonkin are the representatives of 
Synhomalonoti. In STRACHY’s Niti collection as well as in HAYDEN 
and KraAFt’s from the Horizon 2 of Spiti B. nivalis is found associated 
with Amphilichas tibetanus, Cheirurus mitis, and Prosophiscus minus 
where P. minus is possibly related to Prosophiscus (? ) sp. from Shihtzu- 
pu, while A. tibetanus may be somwhat allied to Amphilichas browni 
from the same locality. Synhomalonotus birmanicus in the Naungkangyi 
beds accompanied by Encrinurella insangensis which is wide ranged, 
occurring in the Birmanites beds, and E. cfr. insangenis is found also 
at Shihtien with Basiliella yunnanensis. Synhomalonotus birmanicus 
has however, never been found together with Birmanites birmanicus, 
although it is found with Basiliella yunnanensis. Therefore the 
Synhomalonotus birmanicus beds are considered to be distinct but not 
far apart from the Birmanites birmanicus horizon. If the latter is early 
Arenigian, the former may be in the range from late Arenigian to 
early Llandeilian. 

Synhomalonotus s. 1. can be classified into the tvistani and argo 
groups, or Synhomalonotus s. str. and Colpocoryphe NovAK respective- 
ly, where the latter is a Llandeilian genus whereas the former is more 
common in the Arenigian than in the Llandeilian. Jn Central China 
the two genera are represented by Colpocoryphe pellizzari (MARTELLI) 
from Leanshan in Shensi and Synhomalonotus kayseri KOBAYASHI 
from Kiautschangpa in Szechuan. 

Yangtzella poloi (MARTELLI) is an associate of Colpocoryphe pel- 
lizzari at the locality, which is a wide spread brachiopod reported from 

unknown locality in Shensi (MARTELLI), 

unknown locality near Ichang (YAMADA-YABE), 
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Kaohuangling, Hsinshanhsien, Hupeh (NODA-YABE), 

Siikiapa in Szechuan (WILLIS-WELLER) and some other places. 

At Wuliapo, Meitanhsien, Hupeh, the Yangtzella poloi beds lie 
between the Orthoceros limestone above and the Lesueurella limestone 
below, the latter being underlain by the Meitan shale (YU in GRABAU, 
1937). Along the Taningho, however, the Siikiapa beds lie above the 
main Ovthoceros limestone. Therefore Y. poloi is probably wide ranged 
from below to above the main part of the Orthoceros limestone or the 
Pagodo limestone. That the Y. poloz bearing brachiopod fauna is quite 
distinct from the Orthis fauna of Neichiashan is remarkable. 

At Kiautschangpa Reedolithus richthofeni (KAYSER) and an asaphid 
aff. Parabasilicus shirakii KOBAYASHI are reported to occur beside 
Synhomalonotus kaysert. Reedolithus as a genus ranges from Llandei- 
lian to Caradocian and Parabasilicus shirakii is a member of the 
Llandeilian Chikunsan fauna. The two species are now referred to 
Chaupishan fauna (Ler, 1939). On the other hand S. kayseri, as it 
belongs to Synhomalonotus s. str., is probably a little older trilobite. 
The age of the Chaupishan faunule containing the two other trilobites, 
however, could not be older than Llandeilian. 

From two localities of Siikiapa WELLER described 2 species of 
Ampyx, 1 of Bathyurus and some 12 of asaphids besides a dubious ill- 
aenid, proetid, calymenid and phacopid. These trilobites are all fragmen- 
tary and none of them is common to the two localities. But there are 
Plectorthis willisi, Dalmanella testudinaria and Clitambonites chinensis 
which are found in common. It was WELLER’s conclusion that in age 
the (Siikiapa) fauna is clearly not younger than Mohawkian faunas of 
North America and of the Vaginatus limestome of Russia. It was 
Yu’s conclusion of his study on the cephalopods in the Pagoda lime- 
stone that “it is an approximate equivalency of the Ovthoceras lime- 
stone of Sweden and the Vaginoceras limestone of the Baltic province 
of Russia”. Therefore, in weighing these facts, palaeontological as 
well as stratigraphical, it may be suggested that the main part of the 
Pagoda limestone may be middle or upper Llandeilian and the Siikiapa- 
Chaupishan beds may be either late Llandeilian or early Caradocian. 
The Y. poloi beds below the main Pagoda limestone may not be older 
than middle Llandeilian because the Meitan shale is not younger than 
early Llandeilian. It is a noteworthy fact that the Llandeilian fauna 
of Central China is not closely related to the Chikunsan fauna of 
South Korea not only in trilobites but also in cephalopods and others. 
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The whole faunas of Central and South China and adjacent Burma 
and Indochina which contain Synhomalonotus, Basiliella yunnanensis, 
Nileus armadillo and several other characteristic trilobites may be 
distributed somewhere in Llanvirnian. The gap of the lower Llanvir- 
nian Synhomalonotus birmanicus zone in the trilobite succession may 
be filled up by the Cameroceras limestone in the Yangtze gorge bet- 
ween the Meitan and Fenhsiang shales, the latter containing Dic- 
tyonema flabelliforme var. (KOBAYASHI, 1944). 

Because there are many examples showing that the vertical range 
or acmic prominence of a genus or a species is fairly different between 
Europe and Eastern Asia and because the morphic resemblance of the 
carapace does not always reveal the phylogenetical relationship as its 
face value, the succession of fossil zones in the stratigraphic sequence 
is certainly more important for the age determination of any fauna. 
For the stratigraphic correlation between two remote places graptolites 
are generally more valuable than trilobites. Of course much remains 
in the grand territories to be done in stratigraphy before reaching a 
rigid classification of the Ordovician system in Central China. On the 
basis of the salient facts discussed above the trilobite faunas in Central 
China can be tabulated as follows :— 

1. The Tanchiachiao fauna of Tremadocian or probably middle or 
late Tremadocian age, characterized by Asaphopsis, Birmanites and 
Niobe or Niobella and distributed in Chekiang and Anhui. 

2. The early and middle Arenigian Leitap’o fauna containing 
Taihungshania, Hagiorites and Omeipsis as its characteristic members 
and occurring in Szechuan, Hupeh and Kweichou. 

3. The Neichia fauna of Llanvirnian but mostly early Llandeilian : 
rather than late Arenigian and comprising Basiliella yunnanensis, 
Illaenus sinensis, Nileus armadillo, Pharostoma parapulchra, Synhoma- 
lonotus kayseri, Calymenesun tingi, and Robergia striata and distributed 
in Shensi, Szechuan and Kweichou. 

4a. The middle Llandeilian Yangtzella poloi fauna to which 
Colpocoryphe pellizzari probably belongs. 

4b. The middle or late Llandeilian Pagoda limestone fauna in 
which Asaphus cfr. platyurus is a member. 

4c. The late Llandeilian or early Caradocian Siikiapa fauna to 
which Reedolithus may by referred. 

Finally Calymene kweichouensis SUN from Suiyang in Kweichou is 
too poorly preserved to say anything out of it, but as it is somewhat 
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suggestive of the Leiostegiidae and it was procured from the Neichia 
shales s. 1., it may be likely a member of the Meitan fauna rather than 
of the Neichia one. Asaphus cfr. platyurus ANGELIN from Pangtseya in 
Hupei on the other hand may be a member of the Y. poloi fauna judging 
from its association with Yangtzella poloi and others. Among Megalaspis 
insculpta ENDO, Flexicalymene conica KOBAYASHI and Tyinucleus welleri 
(ENDO) from Chaohua in Szechaun Tyinucleus is a wide ranged genus. 
The first species is however, looks similar to a Llandeilian Megalaspis, 
while the second resembles Caradocian F. caractaci. Therefore it may 
be tentatively referred to the Chaupishan-Siikiapa fauna. Although 
little is known of the fossil horizon of FRECH’s asaphid of the expansus 
group from Lunshan, it may be a Llandeilian trilobite derived from 
the Tangshan series in the Nanking hills. 

Neither one of the occurrences of Jsoteloides, Onchonotus and the 
Leiostegiidae in Central China is quite reliable and accordingly there 
is none in these trilobites showing definite affinity to the Arcto- 
American faunas, while the relation of the Ordovician trilobite faunas 
in Central China to those of Europe through the Himalayan ones is 
certainly very close, as pointed out already (KOBAYASHI, 1931). Further 
study is required in order to determine the faunal relationship of 
Central China with those in Central Asia (WEBER, 1926, 28, 32; TROEDS- 
SON, 1937) and at Khabarova at the northern limit of the Ural moun- 
tains (KIAER, 1904), although all of the latters bear the distinct 
European aspects. The Asaphopsis as well as Taihungshamia faunas 
of Central China are on the other hand definitely related to certain 
faunas in Australasia as emphasized above. Although Bathomoceras 
was described from the Larapintine series in Central Australia by 
TEICHERT (1939), the major part of its fauna looks to me allied to the 
Chikunsan fauna of South Korea, as discussed in 1940. Insofar as can 
be judged from the descriptions and illustrations, it is noteworthy that 
WELLER’s large forked hypostoma of an asaphid from Siikiapa closely 
resembles those of ‘ Asaphus” howchini ETHERIDGE as well as “ Asap- 
hus” illarensis ETHERIDGE. Birmanites in the Tanchiachiao fauna, 
Omeipsis in the Meitan fauna and Calymenesun in the Neichia fauna 
are, however, distinct endemic genera, 
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In my previous paper in 1943 J have tried to figure out the 
Yangtze basin in the Cambiran period as much as possible. The 
palaeogeography of the basin in the Ordovician period is another 
fascinating subject for study. Upon entering into this period from 
the Cambrian the basin was not much changed except its southern 
part. In Eastern Yunnan where the Cambrian formation is found to 
be overlain by the Gotlandian at Tsanglanpu (iis), Yilung (2/4) 
and Kuanti (Je) (TING and WaNG, 1936-37) the Ordovician formation 
appears to be-absent, although Dionide asiatica KOBAYASHI, 1940 (i. e. 
Dionide formosa MAnsvy, 1912, non BARRANDE) occurs in the Col de 
Si-yang-tang, southeastern Yunnan and Cryptolithus ornatus is reported 
from the middle Ordovician Loung-co series on the Tonkin border 
(JACOB and BourReET, 1920). Insofar as fossil evidence is concerned, 
however, the Ordovician formation is distributed farther west beyond 
the bound of the Cambrian formation. Namely, there is the great 
display of the formation in Western Yunnan and in the Shan plateau 
in Burma. As has been discussed already, the Ordovician trilobites 
in the Naunkangyi-Hwe Maung series in the Northern Shan States as 
well as those found at Pupiao and Shihtien in West Yunnan are 
intimately related to those of Central China. The Dongson sandstone 
of Thanh-hoa in North Annam whence Asaphopsis has first been 
described by MANsuy, marks off the southern limit of the Ordovician 
formation in the Asiatic continent. 

It is quite certain that the Asaphopsis-Birmanites fauna of Che- 
kiang is united with the Birmanites fauna of the Shan plateau through 
the Dongson fauna, embracing the projectile of East Yunnan. In 
Tonkin the Silurian formation s. 1. appears to be extensive, but fossils 
are rare. Fortunately however, Synhomalonotus (?) douvillei (MANSUY) 
was discovered in the shale of Nam-ho in the Pho-binh-gia quadrangle. 
The leading member of the formation in question is the Schistes 
‘lustrés. A formation of similar facies is extensive in Kwansi and 
Kwantung where it is generally termed Lungshan. It is also unfos- 
siliferous, but a few Ordovician (?) brachiopods apparently allied to 
those of Burma are known to be contained in it at Litung, Yanghsien 
(acid, 4%) in Kwansi, although any close palaeontological study has 
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not as yet been carried out. The next younger are the Valentian 
graptolites of Lientan, Yunanhsien (it, #44") in Kwantung procured 
from the upper part of the Lungshan formation. Thus, though not 
conclusive, it may be said that there was the East Yunnan peninsula 
protruded from the Tibetia but the sea in the northern Yangtze basin 
has been confluent with that of the Shan plateau through Kwantung, 
Kwansi and northern Indochina. The main subject of discussion here 
is the Ordovician stratigraphy in the northern part of the Yangtze 
basin to elucidate its bearing on the palaeogeography. 

Thanks to the laborious works by Chinese geologists the Ordo- 
vician stratigraphy in the Yangtze valley has been greatly improved 
in recent years. Though much still remains to be studied in Kiangsu 
and its adjacence, much more is known of the formations in Chekiang 
and Anhui in the east and in Szechuan, Kweichou and Hupeh in the 
west. The most imporant among the western sections is the one in 
the Yangtze gorge west of lchang which may be classified in the fol- 
lowing manner ;— 


Llandeilian pagoda ( 43¥i4 ) limestone | 


Lianvirnian Neichianshan (32¢1l]) shale} “Te 70-80 m 
ren cians Meitan. Giaie.) \Snalej wey a 5. tease een cee acetate 20 m 
ATenigiatn camer ocey ds mimes tOne mae ermn mirteee se neeen eee ra ence. eee ese eee 10m 
Tremadocian Fenhsiang (29) shale ,.............c.cscesecceccccdececeeceseeeens eee 20m 


Whether Callograptus cfr. salteri formerly reported from the 
Fenhsiang or the Meitan shale is uncertain. But Dictyonema flabelh- 
forme var. was found in the former shale with some trilobites and 
Cameyroceras and Ophileta in a horizon superjacent to it. Cameroceras 
cfr. styliforme GRABAU by YU is the solitary fossil in the Cameroceras 
limestone the description of which I have seen. It is a fragmentary 
ssiphuncle of a cyrtoconic endoceroid from Lojoping having crowded 
septal sutures on its surface and a narrow endocone in its interior, 
the aspects showing that it is not older than Canadian. 

At Wulip’o (#/f%) Meitanhsien in Kweichou the Cameroceras 
limestone is overlain by shales over 200mm thick, which is separated 
by the Lesueurilla limestone into the Phyllograptus bearing Meitan 
shale below and the Yangizella poloi beds above. The Orthoceros 
limestone 80-100 mm thick, on it marks off the top of the Ordovician 
section there. The Meitan shale and its approximate correlatives are 
extensive as represented by Callograptus at Pengshui (##/K) in Kweichou, 
Didymograptus bifidus and Didymograptus nanus at Chenchuchuan in 
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N. W. Hupeh and Tetvagraptus reclinatus at Chiaotingtze in Hunan. 
Further south in Yunnan the Didymograptus nitidus bearing shale of 
Matienkou in extreme northeast Yunnan may be referred to it. 

This graptolite shale facies or a part of it merges with the Leitap’o 
trilobite facies which is known from Leitap’o in Szechuan, Wenshui 
(ifizk) in Hsishui (#k) district, Kwanyinchiao (imi) and Chikiang 
($£z2) districts in Kweichou, Taihungshan (A&I) in Nanchang (Piié) 
district in Hupeh and a few other places. The fauna is characterized 
by Taihungshania and Omeipsis. 

In the Hsishui area the Taihungshania fauna is contained in the 
shale beds with intercalations of sandstones. The beds merge with the 
underlying Ichang limestone formation which is however, often shaly 
there and intercalates shale beds. The similar yellowish green shale 
beds, 120mm thick, are met with also at Kwanyinchiao where the 
middle part contains the sandstone layers above and gray limestone 
below. Because the Taihungshania horizon is found in the lower part 
of the shale beds, it is improbable that the limestone intercalations 
above it indicates the periphery of the Lesueurilla limestone facies. 

In the Omeishan section the Taihungshania horizon is found in 
greenish gray shales, partly sandy, of 30 meters’ thickness, which is 
located near the top of the Tachengszu formation, 160mm _ thick. 
Sandstone and quartzite predominate over shale in the remaining 
130mm of the formation. If ForBEs’ Orthoceros of which the age as 
well as the stratigraphic position are unknown, is overlooked, the 
Cambro-Ordovician section terminates with the Tachengszu. Farther 
west in Sikang there is no record of the Older Palaeozoic formation. 

As diagrammatically shown in the figure 2, the great display of 
the sandy facies in the Tachengszu formation and especially in its 
lower part is indeed a remarkable fact. The sandstone intercalations 
.are found also in the Taihungshania shale in the Hsishui area to the 
east of Omeishan where shaly beds are frequently contained in the 
underlying limestone. Such a decreasing tendency in the amount and 
grain size of the terrigenous material toward the southeast suggests 
that the material was supplied from the Tibetia on the other side. It 
was probably being elevated from the late Cambrian to the early 
Ordovician period with the result that western Szechuan emerged 
above the water. 

Immediately after this upheaval or even simultaneously with its 
terminal phase a submergence took place in northeastern Kweichou 
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where the Lesueurilla limestone was deposited. Jn Kwanyinchiao 
district the sandstone facies recurs above the limestone-bearing shale 
beds, but no sandstone is met with in the Meitan shale proper, the 
fact suggesting the oscillation of the western shore during this time- 
interval. 


Omeishan * Hsishui  Chikiang Meitan .  Ichang Nanchang 


Picea Pagoda 


Limestone 


o Qs === Neichiashan 
3 shale 

= 8 Meitan shale 
ae renghsiang 
> shale 
36 

as 
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Text-figure 2. The Variation of Facies and Thickness in the 
Ordovician formation in the Middle Yangtze Region 


As it is difficult to distinguish the Fenhsiang and Meitan shales 
where the Cameroceras limestone is not intercalated, the Neichiashan 
and Leitap’o shales are not easily separable when the Lesueurilla 
limestone is absent. It may be the reason why the latter two shales 
were collectively called the Neichia shale at first. It demands a more 
intensive investigation to segregate the Taihungshania horizon from 
the Neichiashan beds proper in Hupeh. Nevertheless the Neichiashan 
fauna is copious, comprising graptolites, brachiopods, pelecypods, gas- 
tropods, cephalopods, ostracods and trilobites among which Yangtzella 
poloi, Eccyliopteris sinensis, “ Discoceras” eurasiaticum, Basiliella yun- 
nanensis and several other trilobites are leading members. They are 
widely distributed from Huangpai, Ningkiang and Leanshan in Shensi 
in the north to the Pupiao and Shihtien in the south through Kiau- 
tschangpa and Chienkohsien and in Noluping, Pantzeya and Neichiashan 
in Hupeh, Shihtzupu, Feilaishih and Wuliap’o in Kweichou. Didymo- 
graptus murchisoni and a few other Didymograpti and Climacograpti 
are known from Pupiao and Neichaishan. It is noteworthy that on 
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the southern foot of the Tsinling range that shales and thin-bedded 
limestones in alternation occur above the main Ovthoceros limestone. 
Many brachiopods, trilobites and other fossils are reported from the 
alternating beds at Sikiapa (¢###%) along the Taning-ho (A#H). The 
Reedolithus bearing Chaupishan series at Kiautschangpa (#1) in 
northern Szechuan which consists of limestone, shale, black chert and 
siliceous conglomerate, is more probably a correlative of the Siikiapa 
beds, but the reference of the three trilobites from Chaohua (a(t) in 
Szechuan to the Chaupishan-Siikiapa fauna is not definitive. 

The Cambro-Ordovician Kisinling (#504) group with the Sukiapa 
at the top is a major stratigraphic unit in the middle Yangtze region 
where it is disconformably overlain by the Sintan (rf) shales with 
the Ashigillian graptolite bearing Wufeng (#4) shale at the base. It 
is still questionable whether the Sukiapa-Chaupishan fauna is late 
Llandeilian or early Caradocian, but at any rate the break indicated 
by the disconformity involves the late Caradocian epoch. 

The Pagoda limestone is very extensive, known nearly all through 
Central China and especially well developed in the Yangtze gorge. Its 
large cephalopod fauna has been brought to light by YU (1930). The 
Orthoceros limestone in Lushan (Jl) district, Northern Kiangsu is 
called Niutoushan limestone. The Wushihmen series in Northwestern 
Kiangsi consists of shales interbedded with limestones. Its upper part 
yielding Didymograptus cfr. murchisoni, Tetragraptus reclinatus and 
Dendrongraptus cfr. persculptus, may be the equivalent to the Neichia- 
shan shale plus the Meitan shale. Therefore I contend that the so- 
called Asaphus, Illaenus and Ogygites from its lower part may be 
more probably the Tanchiachaio members than the Leitap’o ones. In 
the Lunshan (#r!l))—Tangshan (#11) section in the Nanking hills there 
is, beneath the Gotlandian Kaochiapin (m2) shales, the Tangshan 
shale and limestone measuring 40 to 80 meters in thickness and con- 
taining Eccyliopteris sinensis, Orthoceros chinense, and some endoceroids 
and brachiopods. It overlies a thick limestone formation known by 
the name of Lunshan which yields Cameroceras hupziense in a horizon 
50m below its upper boundary. The Tangshan series is roughly cor- 
related to the Pagoda limestone plus the Neichiashan shale and the 
Yangizella poloi beds, and accordingly the Lunshan limestone or at 
least its upper part corresponds probably to the Cameroceras limestone 
and the Meitan shale in the Yangtze gorge. 

In Central China the best display of the graptolite facies is found 
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between Hsiuning (#4) and Ningkuo’ (#4) in Southern Anhui which 
is classified by Hsti as follows:— 


3) Hulo (4#) shale, about 49m thick, composed of whitish earthy shales and brownish 
shales with siliceous bands in the upper part. ~ 
3c. Dicellogr. sextans-Climacogr. latus zone 
3b. Glossogr. hincksii-Trigosogr. linzatus zone 
(Ga. Dicranogr.Nematogr. gracilis zone) 
2) Ningkuo shale, 90 to 150 m thick, composed of variegate shales, brownish in the upper, 
dark bluish in the middle and greenish in the lower part. 
2p. Amplexogr. confertus zone 
213. Didymogr. fasciculatus subzone 
222. Climacogr. @) gracilicornis subzone 
2pL Didymogr. elisi subzone 
22. Didymogr. hirundo zone containing Cardiogr. giganteus 
1) Tanchiachizo shale, about 230m thick, except basal 30m shaly_laminate limestones, 
composed of variagate shales, partly calcareous, which yields Clonograptus tenellus 
var. callavai and Niobz kientchsiensis var. ovatus. 


Judging from the graptolites, the Hulo shale is approximately 
Llandeilian, while the Ningkuo shale belongs to the Arenigian and the 


Tanchaichiao shale to the Tremadocian. These Ordovician shales 
measure 360 to 420 m in total. 


790 of Chaotung Serves 


NankingHills 


Text-figure 3. The Variation of Facies and Thickness in the 
Ordovician Formations in the Lower Yangtz2 Region 


In the Yushan (1) and Kuanfung (#%) districts in Eastern 
Kiangsi there are the Tananling (X72) limestone, about 300m thick, 
and Yushan shale, about 450m thick. The latter intercalates thin 
sandstone beds and becomes calcareous upward; and limestones inter- 
stratified with some shales in the former. Judging from the graptolites 
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contained therein, the Yushan ‘plus the lower Tananling is a rough 
equivalent to the Ningkuo shale, and the Upper Tananling probably 
that of the Hulo. Accordingly the unfossiliferous Chaotung (2c) 
series beneath the Yushan, or at least its upper part may be Trema- 
docian. 

The Ordovician formation of the similar facies is distributed in 
Southwestern Chekiang, but there the stratigraphic terminology is 
confused. Liu and CHAOo’s Yenwashan (@lJcili) formation or SHENG 
and Kao’s Chingshan (fli), 300 to 500m thick, is mostly composed of 
variegate shales in addition to some limestone layers and _ lenses. 
Orthoceros chinense was found in a horizon about 12m from the top. 
The middle Hulo fauna comprising Glussograptus hincksu, Climaco- 
graptus and Dicellograptus occurs in shales below the Orthoceros 
limestone and Didymograptus and Ogygites, or possibly Basiliella yun- 
nanensis, in the basal part. 

‘Beneath the Yenwashan there is the Yinchoufu (Fit) series 
which consists of shales with some layers of sandstone and limestone 
in the upper, shale and argillaceous limestone in alternation in the 
middle and siliceous limestone and quartzitic sandstone in the lower 
part. Restricting Liu and CHAo’s Yinchufu to the lower limestones, 
SHENG and KAo proposed Chiangkou (#8) for the upper shales, about 
160mm thick, at Fuyang (#4), in Eastern Chekiang. It consists of 
frequent alternations of yellow shales and fine sandstones. Because 
Phyllograptus anna, Tetragraptus bigsbyi and Didmograptus are con- 
tained therein, the Chiangkou shale is approximately synchronous 
with the Ningkuo, but heteropic from the Ningkuo on account of the 
sandstone inclusion. In this respect it is more allied to the Yushan, 
but calcareous shale is undeveloped here. The Ningkuo-Chiangkou 
graptolites are found at many places in Chekiang in the vicinities of 
Fengyang, Yuchien (i), Lungyu (#&¥2) and Kiangshan (Zrilj), 

Especially noteworthy in the Yuchin district is the find of Ashigill- 
ian graptolites comprising Climacograptus supernus, Orthograptus 
truncatus var. abbreviatus and Dicellograptus complanatus var. ornatus. 
This 4 meters’ shale bed is overlain by sandstone and shale beds, 
300mm thick, which are in turn overlain by Valentian graptolite 
shales. The Ashigillian graptolite shale is underlain by 7 meters of 
sandstone and this in turn by dark limestone and black shale. The 
last mentioned shale and limestone bed is in fault contact with the 
Lower Ordovician shales containing Tetragraptus and Didymograptus, 
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Because Asaphopsis, Niobe and Birmanites are found in the shale at 
Hoshan, NE. of Kientehsien (#4 4&1), Chaomotsun, northern Yuhang- 
hsien (@bc#k ThA) and Kaihuachi in Kaihuahsien (Hite BAILY), this 
Tremadocian shale must be referred to the Tanchiachiao shale. 

Returning to the Yinchufu problem, its lower division, more than 
400 mm thick, for which SHENG proposed Changshan series, is said to 
be earthy limestones in the main, but with black bituminous shales in 
the basal part. The series is now referred to the Sinian. These thin- 
bedded limestones with earthy bands below the Tremadocian, however, 
reminds me of the Upper Cambrian Kasetsu group in addition to the 
late Middle Cambrian Seison slate in South Korea. The black shales 
and dark limestones are predominant also in the Middle Cambrian 
Machari formation and dark gray slates are frequently met with in 
the Beiho slates of early Middle and Lower Cambrian age, although 
no combustible stone-coal or Shimai is contained in either one of them 
(KOBAYASHI, YOSHIMURA, IWAYA and HuKASAWA, 1942). Assuming 
this comparison, however, the Sohsan quartzite formation at the base 
of the Chosen system in South Korea which overlies the Taihakusan 
metamorphic complex discordantly, can be correlated with the Taoshui- 
wu (f2l7K35) series below the Changshan, which consists of sandstone 
and conglomerate, 600mm thick and rests on the Pre-Cambrian 
metamorphic rocks unconformably. Incidentally, I think it better to 
use the Yinchufu limestone and black shale in place of the Changshan 
series, because the latter is unfortunately a homonym with SUN’s 
already used in 1924 for an Upper Cambrian formation in North 
China. 

A detailed survey and untiring fossil-hunting are needed to straight- 
en out these ambiguities in the Cambro-Ordovician stratigraphy in 
Chekiang. Nevertheless it is a remarkable fact that, as the Sohsan 
quartzite and Beiho slate are found in the basal part and Seison slate, 
Doten quartzite and the Chikunsan shale are intercalated in the 
superjacent Great Limestone formation on the southeastern side of the 
Yokusen geosyncline, the Taoshuiwu sandstone and conglomerate and 
the Yinchufu black shale are found below the Yinchufu limestone. 
The Cambrian formation is about 550 to 1200mm thick and the 
Ordovician formation 500 to 700mm. in thikness in this part of the 
Kogendo plateau in Korea. In Chekiang the Lower and Middle 
Ordovician formations measure some 650 to 800 m in thickness and con- 
sist mostly of shale and limestone in the lower, shale, limestone and 
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sandstone in the middle and shales in addition to some limestone in © 
the upper part. Sandstone facies appears to increase in Northeastern 
Kiangsi, while shale facies is predominant all through the Ordovician 
formations in Southeastern Anhui. The Ningkuo-Hulo shale formation 
in the Hsiuning and Ningkuo section measuring some 200m in thick- 
ness corresponds to the Yenwashan-Chiangkou formation, 700 m 
thick in Chekiang. Such a remarkable difference in facies and thick- 
ness, especially in the increase of the sandy facies toward the southeast 
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means the approach to the Fukien landmass, so it does to the Reinan 


landmass in South Korea. 


Thus it is quite certain that the Ordovician 


Yangtze basin was bordered by a landmass on its southeast side. 

Jt was in 1931 that the remarkable difference in the Ordovician 
faunas between the Yangtze and Hwangho basins attracted my atten- 
tion. The Tsinling-Keijo (Seoul) line was pointed out then as the 


zoopalaeogeographic boundary of prime importance. 


In the Nanking 
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formation is represented by some 120 to 200 meters of limestone. 
Judging from the occurrence of such. Canadian Peilintze members as 
Proterocameroceras mathieui and Sueccoceras attenuatum in the lime- 
stone, the elevating axis must have been a chain of swells among 
which some routes for Canadian cephalopods to migrate, were left 
open. Likewise, Ovmoceras sp. from Noluping, Tungshanhsien in 
Hupeh, if its generic reference is correct (YABA and HayasakA, 1920), 
may be an emigrant of the Toufangian fauna. 

The center of the display of the pure graptolite shales is located 
to the south of Nanking hills. The shale facies is spread there from 
far to the southwest extending into Kwantung, Kwansi and Tonkin 
where, however, caused by the Kwansi cycle of orogeny (KOBAYASHI, 
1951), the shales turned out phyllitic shales or schistes lustrés, 
barren of fossils. Jt is quite probable to refer the lower part of the 
Lungshan or its equivalent formation between the Jndosinia and Fukien 
massives to the Ordovician system. What would be the tectonic 
import of the elevating axis of East Yunnan as indicated by the above 
mentioned Tsanlangpu discordance, the culminating wedge of which 
bears on the fragmentation of the Cambrian land into the two land 
masses, is an interesting problem left for the future study. 

Though still very tentative, the correlation among the Ordovician 
formations in Central China is shown in the preceding table. The 
supply of terrigenous material from the Fukienia was significant in 
the Arenigian on the east side, while on the west side sandy material 
was greatly supplied from the Tibetia from late Upper Cambrian to 
early Arenigian, at one time, probably attaining at the maximum in 
the Tremadocian and at another in the Llanvirnian, the facts on the 
two sides combined suggesting that emergences have taken place more 
or less reciprocally between the two sides. 

It is certainly interesting to see that the Avistocystis sinica— 
Basilielia yunnanensis fauna is so intimately related to the Cystidian 
fauna in West Yunnan and East Burma, that it is suggestive of the 
early Llandeilian free migration crossing the neck of the Eastern Yun- 
nan peninsula. 

On the southern foot of the Tsinlingshan in particular, shale and 
conglomerate appear at the top of the Kisinling limestone that signifies 
a phase in the embryonic development of the Tsinling geosyncline. 

The stratigraphic boundary between the Cambrian and Ordovician 
systems is not well established in Central China. This is because no 
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late Cambrian fossil is known except Lopnorites cfr. rectispicatus 
which I have described from Lanhsi, Chenchoufu in Hupeh (1938) and 
the occurrence of the Tremadocian fossils is still very limited. In a 
glance on the correlation chart, however, we can hardly overlook 
the fact that the pure graptolite shale facies with its center in south- 
eastern Anhui interfingers with the shelly facies. The most prevalent 
among the non-graptolite facies is the Pagoda limestone which is distri- 
buted almost through the Yangtze valley, but it is best developed in 
the gorge region. The Ordovician sequence terminates with it in most 
places except in Northern Szechuan where the Llandeilian pagoda 
limestone is capped by the early Caradocian Siikiapa or Chaupishan 
series. The next younger formation is generally called the Sintan 
shales in the west and Fengchu (Jil’r) shales and other names in the east 
all of which yield Gotlandian graptolites and other fossils. Beside them 
Ashigillian graptolites are reported in the Yuchin district in the east, 
while in the west the Wufeng shale at the base of the Sintan shales 
yields graptolites of the same epoch at Yityangkuan in Wufeng district, 
Hupeh. Thus the stratigraphic break is most extensive in Central 
China in Caradocian and especially in the late Caradocian, instead 
of in the Ashigillian or between the Ordovician and Gotlandian periods. 


Postscript 5. 


Yu (1933) is of opinion that the Orthoceros bearing top division of the 
Lunshan limestone at Lunshan is a correlative of the Neichia formation and 
the main part of the limestone and the Tangshan limestone at Tangshan, 
though their bases are unexposed, are those of the upper part of the Ichang 
limestone as suggested by the inclusion of Cameroceras hupehensis YU and 
a few other cephalopods in them. 


Postscript 6. 
According to Kuo (1941), the Lower Ordovician Hungshihyen formation 
is found at Erhtsun, near Kumming, Yunnan, to lie on the Toutsum forma- 
tion of late Cambrian or Cambro-Ordovician age disconformably. 
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Postscript 7. 
According to Hsii and Ma (1948) the Ichang formation, 309m. thick at 


Patzelao, a hill near Shihmen, 12 km west of Ita (Ht4f, Al, (2-44), Western 
Hupeh, which corresponds to Cu1’s Fenhsiang shale (1940), overlies siliceous 
limestone i. e. Sanyutung limestone disconformably (?) and is disconformably 
overlain by the Neichia series containing Yangtzella polot. The Acan- 
thograptus sinensis, Asaphopsis tmmanis and Dactylocephalus dactyloides zones 
were found in it in descending order. Beside cystoid indet., Lingulepis cfr. 
acuminatus and Modiolopsis parallelus (nov.) occuring at one or another 
horizon, various trilobites are distributed in the three zones, while the follow- 
ing graptolites, all new, are confined to occur in the upper Zone (1: Ichang 
formation, F: Fenhsiang shale) :— 

Dictyonema asiatica Hsti C1. F.) 

Acanthograptus sinensis Hsii (I. F.) and its varieties, fenhstangensis Hsti 
(F) and ituensis Hsu (1) 

Acanthograptus bifurcatus Hsti (F) 

Acanthograptus erectoramosus Hsii (F) 

Acanthograptus flexiramiatus Hsti (F) 

Acanthograptus rigidus Hsti (F) 

Because of the prevalance of dendroid graptlolites which are not accompa- 
nied by any Arenigian dichograpti, the abundance of Asaphopsis and also the 
aspects of their associates, the Ichang fauna as a whole is considered by them 
to be Tremadocian in age. 

Agnosius sp. from the middle and upper zones is the solitary member in 
the Ordovician fauna of Central China. It may be a geragnostid because no 
mention is given of the preglabellar 
axial furrow. It has a long, unfurrowed 
axial lobe on the pygidium. Any exact 
determination, however, cannot be made 
without seeing the specimens. 

Temnura was represented by two 
species, ZT. granosa and T. quadrata, 
each indicated by a single pygidium and 
its affinity was sought by Resser and 
ENpbo (1939) among the Saukinae. The 
cranidium of Temnura grandispiniger 
Hsti from the upper zone, however, is 
said to be Crepicephalus type. The 
holotype pygidium found in the same 
slab has a pair of spines prolonged be- 

Text-figure 4. Dactylocephalus hind longer than the length of the 

dactyloides Hsii pygidium exclusive of the spines. T. 
alata Hsti from the same zone is a 
pygidium resembling Asaphopsis (?) elegantulus Gortani (1934), although 
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it is very tiny, its border distinctly depressed and a pair of spines are longer. 

Based on Dactylocephalus dactyloides Hsiti from the lower zone Dactyloce- 
phalus is established. Its mut. cylindricus from the lower zone, D. obsoletus 
from the middle zone and D. transversus from the upper zone are added to 
the genus by Hsii. As referred to the Dikelokephalininae, the genus is similar 
to Dikelokephalina. A piar of semicircular lobes are found on the lateral sides 
of the glaballar rear part and a narrow ocular ridge runs obliquely. The 
interval of the fixed cheek between them is rolled up and embraced by the 
eye which is well develeped and posterior in position. These aspects are 
typical of the subfamily. But the glabella is longer than as usual in the sub- 
family and the preglaballar area is not so expended as in Dikelokephalina 
and inclined forward gradually and then upturned close to the margin. There 
are two pairs of lateral furrows on the glabella, and the median tubercle is 
apparently absent on the occipital ring. The genal spine is long. The most 
significant characteristic lies in peculiar concentric wrinkles widely distributed 
on the cephalon. Though the pygidium is similar to that of Dikelokephalina, 
its axial lobe is much broader. 

Psilocephalina Hsii founded on Psilocephalina lubrica Hsu occurs through 
the three zones. It is similar to Omezpsis in the cephalon, but is totally 
different in the pygidium. The genus may be referred to the Asaphidae 
rather than to the Symphysuridae, because it has a little intramarginal facial 
suture on the cephalon and the axial suture crosses the doublure of the pygi- 
dium as indicated in P. lubrica and its mut. imcisa which is distinguished by 
the incision at the end of the suture. Psilocephalina is probably more allied 
to Homalopteon Sater and also Barrandia SALTER than to Psiloccphalus. 
Compared to Barrandia (Homalopteon) portlocki 
SALTER Which is the type of Homalopteon the 
eyes are small like Jllaenopsis, the frontal lobe 
of the glabella is not so expanded in front, 
although it is more or less clavate, the posterior 
margin of the cephalon shouldered near the 
genal spine and the furrows are obsolete on the 
pygidium and also on the cephalon in P. lubrica. 
The pygidium is, however, distinctly furrowed 
in its mut. transversa and also in P. sinuata 
Hsti occurring in the three zones which the latter 
has a posterior sinuation. P.carinata Hsu from 
the lower zone has a median keel on its glabella. Incidentally, P. lubrica in 
fig. 9 on pl. VII in particular, is probably an illaenid, if not a Symphysurus 
resembling S. breviceps ANGELIN, because the axial lobe on the pygidium 
appears short and subtriangular. 

Tungtzella cfr. yunnanensis SHENG by Hsu. from the upper zone is an 
asaphid having a pair of lateral spines on the pygidium like Asaphelina bar- 
yoisi Mun. Ch. et Berceron, but its axial lobe is broader and the spines 


Text-figure 6. Psilocephalina 
lubrica Hsu 
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longer extending postero-laterally, instead of laterally in A. barroist. As the 
glabellar outline is obsolete, the cranidium is more similar to Isoteloides 
hupeiensis than to A. barroisi. Because the type of Tungtzella is not described, 
the genus is not as yet valid. 

Taithungshania (?) parva SueNnG by Hsii from the middle zone which has 
five pairs of glabellar furrows, relatively large eyes located posteriorly and 
granulated test of the cranidium, may not be a Taihungshania. It looks to 
me more similar to Wutingia rectangula ENpo (1935) which is a Canadian, 
instead of a Chazyan, trilobite, as discussed already (KospayAsul, 1935). 

Finally, Asaphopsis is well represented in the Ichang fauna by four 
species, granulatus, immanis, angustigenatus and planispiniger, all new, where 
the first occurs both in the lower and middle zones, but the occurrence of 
the others are restricted to the middle zone. Beside them, Liugulepis cfr. 
acuminata (CoNRAD) is known to occur through the three zones, Modiolopsis 
parallelus Hsii in the upper zone and detached plates of cystoids in the middle 
zone. Psilocephalina lubrica, P. sinuata and Lingulepis cfr. acuminata and 
further Dactylocephalus and Asaphopsis are distributed through the Ichang 
formation, assuming that Temnura alata belongs to Asaphopsis. Therefore 
the faunal transformation through the three zones is gradual. I agree with the 
authors in considering the Ichang fauna as a Tremadocian one. Its close 
alliance to the contemporaneous faunas in Chekiang, Tonkin, Tasmania and 
South France is undeniable, but the inclusion of Wutingia parva and Temnura 
grandispiniger suggest its connection with the faunas of the Hwangho basin. 
Dactylocephalus and Psilocephalina are so far endemic genera in Western 
Hupeh. 

The authors mention that “Several species of Cameroceras (Proterocame- 
roceras GRABAU), orthid shells, Ophileta sp. and a peculiar sponge probably 
referable to the Receptaculitidae, occur sporadically througho.t the limestone 
beds included in this formation.” The Ichang formation, 309m. thick, is cor- 
related to the Fenhsiang shale, 20m thick, probably in addition to the Cam- 
eroceras limestone near Shihpai. Accordieg to Cui, Hsti and Wanc (Cui, 
1940), the shale is overlain by the Cameroceras limestone, 10 m. thick and the 
limestone in turn by the Phyllograptus shale 20m. thick. I am surprised to 
see that the two sections near Ichang and Itu which are apart only 40km, 
are too different. 


Postscript 8. 


It is unfortunate that Psilocephalina was proposed by STUBBLEFIELD 
(1951), for the substitute of Psilocephalus SauTEeR 1865, non SWAINSON, 1939, 
because the new name is a homonym of Psilocephalina Hsti, 1948, Here 
Pstilocephalinella is proposed for Psilocephalina STUBBLEFIELD, non Hsij, i. e. 
Pstlocephalus Savter, non Swainson. 
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Postscript 9. 


Of Bronteus richteri SINCLAIR mentions that “Sun’s figure nor descrip- 
tion is sufficient to warrant certain reference to Eobronteus nor to refer to 
the species elsewhere with confidence.” (G. W. SINcLAIR, 1949). 


Postscript 10. 


Trinucleus MuRcHISoN, 1839, though preceded by Tyrinucleus by Linx, 
1897, accepted as a nomen conservadum. Its type is, however, not ZT. 
jimbriatus but T. caractact on which BaNcrort founded Salterolithus, 1929. 
Accordingly Saltevolithus is a synonym of Trinuleus. Edgellia was insti- 
tuted by SHaw on the basis of JT. fimbriatus Murcuison, 1939. (A. B. 
SHAW and C. T SrupsierieL_p, 1950). This change causes the generic refer- 
ence of Trvinucleus welleri (ENDo) to Edgella. 


Postscript 11. 


Raymondella Rerp, 1935, (Trilobite) = Reedaspis PRANTL and PkBYLE, 
1948. 

Bancroftia SiNcLAIR, 1946, (Brachiopod) = Raymondella WuitTINGTon, 
1938. 
In each pair the former is valid and the latter invalid. (CC. W. SINCLAIR 
1949). 


Calymene parondi PELLIZZARI 
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Specific name Present determination 

Acidaspis huangi SUN .....c.0-cccscoseccccesseeeseeses Omeipsis huangi (SUN) 

Agnostus sp. indet. by HSii ................ Rares. Geragnostid €?) 

ANDY x ChiNensis NV ELLER svajcesctese eee eies Ampyx aff. nasutus DALMAN 

Ampyx cfr. costatus BOECK by WELLER......... Raphiophorus sp. 

Ampyx*yolt SUN. 6), Seis eee ee ete een oat Ampyx aff. drummuckensis REED 

Ampyx sp. (cranidium) by SUN..............06..005 Raphiophoridae, gen. and sp. indet. 

Asaphopsis angustigenctus HSii ......... ........... ditto 

Asaphopsis granulatus USit .....................+.....ditto 

Asaphopsis immaric HSU... ...2:.ccneesiascueucds dane ditto 

Asaphopsis planispiniger USii . ......................ditto 

ASAPiUS aSIGLICUS ENDO? er ee oe ne See Asaphus suri ENDO 

Asaphus asiaticus WELLER ..............cs0see0eeees Asaphus (?) sp. 

Asaphus blackwe'dert WELLER ............... 20000 Ptychopyge aff. neichiensis KOBAYASHI 

Asaphus chekiangensis SHENG..............s0008 000 Niobe (2?) chekiangensis (SHENG) 

Asaphus chinensis WELLER ....0..:..0000.c+00seoe0s Parabasilicus (? ) chinensis (WELLER) 

Asaphus (2?) chui SHENG sesecteee saesssee.dViobe (?) chui (SHENG) 

Asaphus cfr. expansus DALMAN by FRECH ...Asaphid, gen and sp. indet. 

Asaphus cfr. expansus DALMAN by WELLER... Asaphus (s. 1.), 2 spp. indet. 

Asaphus gigas DEKAY var. hupeiensis SUN......Isoteloides (?) hupeiensis (SUN) 

Asaphus kientehsiensis SHENG...... .......2.00s0005- Niobe (?) kientehsiensis (SHENG) 

Asaphus kientehsiensis var. ovatus SHENG ...... Niobe (? ) kientehsiensis var. ovatus (SHENG) 

Asaphus lactis WELUER...,c..<dssstacaasoseeslusnncseese Asaphus (s. 1.) laevis WELLER 

VASUPRUSE STEN AES ND) Oe Wee eee ee eee Ptychopyge aff. orientalis KOBAYASHI (See 
pp, 24, 32) 

Asaphus taningensis WELLER ...........0c0c0cee0000s Isoteloides aff. usuii (YABE) 

Asaphus sp. (pygidium) by KAYSER ............ Parabasilicus aff. shirakii KOBAYASHI (See 
pp, 23, 32) 

Asaphus sp. (pygidium) by WELLER ............ Asaphus aff. suni ENDO 

Asaphus sp. (pygidium) by YABE.................. Asaphus cfr. platyurus ANGELIN 

Asaphus sp. (large hypostoma) by WELLER...Pseudobasilicus or Pseudasaphus sp. 

Asaphus sp. (small hypostoma) by WELLER,..Megalaspides or Asaphus sp. 

Barlyerus whor SUN... 2 cs sckisto a tech Onchonolus (?) minor (SUN) 

Bathyurus (2?) sp. (cranidium) by ENDO ...... Proetidae or Solenopleuridae, gen. and sp. 
indet. 

Bathyurus sp. indet. (glabella) by WELLER .,.Trilobite, gen. and sp. indet. 

BIOnLEUSSHICHLEHL SUN: einen eee Amphilichas browni (SUN) 

Bronteus sp. (cranidium) by SUN .................. Taihungshania shui SUN 

Calymene kweichouensis SUN ......06ccc0c000.. 0000-5. Leiostegiidae (?), gen. and sp. indet. 


Pe ee eye S hs rah Colpocoryphe paronai (PELLIZZARI1) 


Calymenée pulchra SUN 7 eee ee Pharostoma pirapulchra KOBAYASHI 
Calymene tingt SUN... S:cc.21- des naeecraiat atten Calymenesun tingi (SUN) 
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Calymene tingi SUN (pars) ..........<0..-<.sekene. ss Synhomalonotus (?) sp. 
Synhomalonotus kayseri KOBAYASHI 


Calymen2 (?) sp. indet. (cranidium) by 


DNDO deco cara pht, bet. .be., en ee, Fiexicalymene conica KOBAYASHI 
Cheipuyas (2) Sis.0 0 eakl } Sema: amet oy: Prosophiscus (? ) sp. 
Cryptotithus multiseriatus ENDO .......0............ ditto 
Cryptolithus welleri ENDO «.........0....ec00e... -0-- Edgella welleri (ENDO) 
Dactylocephalus dactyloides USii ................0000. ditto 
Dactylocephalus dactyloides mut. cylindricus 

TSU Gceans en setae tats Ce eee eae ER ee, ditto 
Dactylocephalus obsoletus HSii ..............0.ce 00000. ditto 
Dactylocephalus transversus USii .................-... ditto 
Flexicalymene conica KOBAYASHI .............006+- ditto 
Hagiorites omeishanensis KOBAYASHI ............ ditto 
Illaenus balchlaichensis REED by SUN ............ lllaneus sp. 

Illaenus cfr. balchlatchensis REED by SUN...... Illaenus sv. 

WMlaespus DInogUsc SUN 6 co, «don nssusacacdedesdeeuesoy: ditto 

Illaenus (2) bronteoides WELLER ...............-. Asaphus (s. 1.) sp. 

Illaenus chinchiangensis SUN  ....0...0.ecceeccceee es. Taihungshania brevica SUN 
Illaenus esmarki SCHLOTHEIM by SUN ........ Illaenus aff. sinensis YABE 
Iilaenus feilaishihensis: SUN |... ...2....002-.c000-2020 ditto 

WALGCHUS TOMES UN) en te ee ae ee te eee ditto 

Tilaenus nanchaneensiss SUN (2.52, 5) ecete-eee oe ? 

Illaenus cfr. portlocki SALTER by SUN ......... Illaenus sp. 

Illaenus cfr. punctulosus SALTER by SUN ...... Illaenus sp. 
Tildenusisnihizupuensis SUN =). ee eee Bumatus shihtzupuensis (SUN) 
Tlgenusysinensisu IAB Bye hee ee ditto 
Illaenus sinensis var. euryrachis KOBAYASHI .. ditto 

Tilaenus  suni KOBAYASHI .....1s.0s-c.ce > Rice es: ditto 

Illaenus yuhangensis SHENG ............ 02.10.0000. ditto 

Isotelus usuii YABE , slew ) o.........Lsoteloides usuii (YABE) 
Isotelus sp. Cpysidium) a WELLE 1D ae eee ? Asaphus (s. 1.) sp. 
EACRGSEDYOLU/T SUN ere rete eae veseeeeesesss.e..Amphilichas browni (SUN) 
Lichas (Metobolichas) . sinensis ecun aes oe Oncholichas (? ) sinensis (SUN) 
Megalaspis insculpta ENDO ........... ccsesseceeee++ ittO 

IMC Calas PiSMmipors WiLL Rae eee eee ae cents Asaphus (s. 1.) aff. minor KOBAYASHI 
IN ALCUSEAVGLCOL EA END Oe neck Pees nocaee ee Nileus armadillo DALMAN 

Ogi SiteSeUIFIGHICH SEC HDi meqeen. coon ee ieee ast Birmanites birmanicus (REED) 
Ogygites yunnanensis REED .............00.00002-0000 Basiliella yunnanensis (REED) 
Ogygites (?) sp. (pygidium) by SUN ............ ...Asaphus (?) aff. asiaticus ENDO 
Proetus (?) sp. (pygidium) by WELLER ...... Basiliella aff. lorenzi KOBAYASHI 
Psilocepnauna) cavtnara tiSm ee ee areee sees ee ditto 

Psilocephalina lubrica HSii..............ccccccecsseeeees ditto 

Psilocephalina lubrica mut. incisa HSii ............ ditto 

Psilocephalina lubrica mut. transversa Hsu ...... ditto 

Psilocephalina sinuata HSii ...:...........00ec.0000 ditto 


Pterygometopus (?) sp. indet (pygidium) 
by WELLER ......... TI EBB S er O ditto (?) 


76 T. KOBAYASHI 


Ptychopyge neichiensis IKOBAWAS Hil Oye eee ditto 

Ptychopyge orientalis KOBAYASH1 ..................ditto 

IQUAEHE SATO ISINUDXON Arnon Souueeteonshonroneseasocdebe ditto 

Taihungshania brevica SUN ..........ccccecsesceceeees ditto 

Taihungshania (?) parva HS occ eee Wutingia parva (Hsii) 
Taihungshania shui SUN ............ Se ee ditto 

Taihungshania welleri SHENG .............6. 0.00000 Asaphopsis welleri (SHENG) 
Taihungshania welleri var. brevica by SHENG ,, Asaphopsis welleri var. brevict (SHENG) 
SRCHINUTCMOLALAkAS UN pean eee ey seen eee Asaphopsis (?) alatz (Asi) 
Temnura grandispiniger HSU ............ cece. cc 00. ditto 

Trinucleus richthofeni KAYSER .........ceec00-e000. Reedolithus richthofeni (KAYSER) 


Tungtazlia cfr. yunnanensis SHENG...........-...... Asaphelina (?) sp. 
Gen. and sp. indet. (pygidium) by ENDO ...... Basiliella (?) sp. 
Gen. and sp. indet. (pygidium) by SUN ......... Hagiorites (?) sp. 
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Index Map of Localities 


/ HUNAN es 


HOAs 


7 
2 
aa 
2 


crn 


i, UNIAN on 


t 


Shensi B&FG 
1. Hanchung, Liangshan, (Leanshan) #21 22\L) 
2. Ninkiang #5e 
3. Huangpayi iii se 
Szechuan PY)II 
4. Chiaochangpa (Kiautschangpa) 7431) (es3 i) 
5. Chaotien #IK 
6. Chaohua f(b 
7. Chienkohsien si] 9% 
8. Omeishan, Shinkaiszu WTI 3e;BaSe 
9. Chikiang 28T 
10. Kwanyinchiao, Lokopien #R7#5 HES} 
1]. Pengshui 327k 
12. Sikiapa along the Taningho AWE 7A 
Yunnan 227% 
13. Pupiao 7h 
14. Lameng #rak 
15. Shihtien jig 
16. Yilung 3% 
17. Kuanti BYE 
18. Chenhsiunghsien, Matienkou #azfllx 
Kweichou 4] 
19. Hsishui #7%k 
20. Wenshui 77k 
21. Tsunyi, Feilaishih, Shihtzupu 3@3& MRA REG 
22. Suiyang, Penchiawan, Pangfang #263 WAC ALR 
23. Meitanhsien, Wulip’o Jqjiax sa be 
Hupeh jit 
24. Hsinshanhsien, Huhsi, Pantseya |e ARR RPI 


On the Ordovician Trilobites in Central China 87 


25. Hsingshanhsien, Kaohuangling 2€|I){% #4 3¢44 
26. Nanchang, Taihungshan Fj7® Kec 
27. Tunghuhsien (Ichang), Noluping ik (iZ8) 
28. Wufeng #2 
Hunan jf 
29. Lushan Jel 
39. Chenchoufu, Lansi JS NF Wy 
31. Hsianghsianghsien, Chiaotingtze Hlyil% 
Anhui 22 
32. Ningkuo 2 By 
33. Hulossu #4] 
34. Taiping, Tanchiachiao AZ MAK 
35. Hsiuning {Kj 
Kaingsi yrP§ 
36. Yushan’ S|} 
37. Kuanfung 2: 
Kiangsu Lar 
38. Nanking By yt 
39. Tangshan #4 
40. Lushan #31 
Chekiang #fyr 
4. Yiiyu PAVve 
42. Yuhanghsien, Chaomotun fipfrl% B3ZERT 
43. Fuyanghsien, Chankouchen # 24% 330 gt 
44. Yinchu Fz 
45. Kientehsien, Hoshan 2iG&U% IL 
46. Kaihuahsien, Kaihuachi BA(EYK path 
47. Lungyu FEE 


Note 1.—Kiautschangpa, Northern Szechuan, the classical fossil locality of RICHTHOFEN 
(1912) KAYSER (1883), which is cited #&3$1§) in Chinese characters (YABE and 
HAYASAKA, 1920), is known to be Chiao-ch’/ang-pa (#3) in CHANG and HUANG 
(1931). 

Note 2.—PELLIzZzARI’s fossil locality, Leanshan in Shensi must be Liangshan (Il!) 
adjacently west of Hanchung (#1), because there is a good display of the 
Ordoivician formations including Yamgtzella poloi beds and Orthoceros limestone. 
“The shell of the animal (Orthoceras), called by the local people “ Sun-shih” 
(bamboo-bone stone), are so numerous that one could discover a dozen in the 
paving stones in two or three minutes search. Indeed the flags in the streets of 
Hanchung are almost exclusively made from the Ovthoceras limestone which is 
highly prized by quarrymen owing to its quality of being easily slabbed (CHANG 
and HUANG, 1931, p. 133).” Endoceras centrotubulatum ENDO, Orthoceros magnichi- 
nense (ENDO), Cycloceras louderbacki ENDO, Cycloceras (2) shensiense ENDO and 
Spyroceras sp. indet in the LOUDERBACK’s collection must have been derived from 
Liangshan, because their locality is cited “ near Hanchungfu”. 
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Figure 1. A cranidium. (2). 

Figure 2. A free cheek. (x2). 

Figure 3. A pygidium and a hypostoma. (x3). 

Figure 4. An immature pygidium. (x4). 

Specimens in figures 2-4 are contained in the same slab. 

Figure 5. Two pygidia are disposed to form a right angle with each other, showing 
the difference of their outline and of the strength of their furrows by secondary 
deformation. (x2). 

Figure 6. Tne lectotyp2 from Lokopien, Kwaninchiao, Chikianghsien, Szechuan, 

illustrated in fig. 2a, pl. 2, in SUN’s paper, 1981. (x3). 
Omeéipsis huan. gb CSUN Y 5. i.nclosacundee cos sas cuenewe Peete cn oes EERO ere ee 16 

Figure 7. A free cheek. (x3). 

Figure 8. A thoracic segment. (x3). 

Figure 9. A thorax and pygidium. (x3). 

Figure 10. A free cheek. (x4). 

The cast of the free cheek in fig. 7 is found detached from the thorax in fig. 
9 and lies on the right side in front of the latter. The intramarginal fold on 
the cheek is not an original aspect because there is none in another cheek in 
fig. 10. 
Hagiorites omzishanensis KOBAYASHI, new gen. and SP. ...........ccecececeececcerceececceceseeee 13 
Figure 11. Pygidium. G2); 
illacnus\ sunt KOBAYASHI, new sen. andasps say. .ai see see aseseace career eer ae eee eee v7 
Figure 12. Pygidium and the last thoracic segment. (x3). 
Isoteloides 2) hupeiensis© (SUN) ~ con ecchin, cds avenalo ee 16 
Figure 13. An immature pygidium. (x4). 
Cleidophorus sz2chuanensis KOBAYASHI, NEW SPECIES ...............secsecceoceceeescosecvee-eeceeuse 12 


Figure 14. An internal mould of a left valve. (x2). 


All the specimens collected from Leitap’o, Hsinkaiszu, Szechuan, except the 
one in fig. 6. 
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Explanation of Plate II 


Illaenus sinensis Y ABE 


Ptychopyge orientalis KOBAYASHI, new species. 
Figures 3-4. Noluping, Tunghuhsien, Hupei. (x2). 
Ptycshopyge neichiensis KOBAYASHI, new species. 
Figures 5-6. Neichiashan, Sintan, Hupei. (x13). 
Isoteloides usuii Y ABE 


Figures 1-2. -Noluping, Tunghuhsien, Hupei. (x14). 


Figures 7-8. Noluping, Tunghuhsien, Hupei. (x12). 
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Illaenus sinensis (YABE) var. euryrachis KOBAYASHI, new variety. ..................0eeees ee 36 
Figures 1-5. Neichiashan, Sintan, Hupei. (x13). 

TUGEnUS HOLME SON = Srocccsicncatav teens eon ee Ree NE ee Ree ee eer ee sii 
Figure 6. Shihtzupu, Tsunyi, Kweichou. (x2). 

Synhomalonotus hayseri KOBAYASHI, Mew, SpeCleSs.e+.2.se.215) se soeie ease eee eee eee 41 
Figure 7. Kiautschangpa, Szechuan. (x12) 

Reedolithusrichtihosent® (GANSER eens. anes es ock See ee coders ee eee ene ee 48 
Figure 8. Kiautschangpa, Szechuan. (x14). 

Pharostoma parapulchra KOBAYASHI, new Species ..............-...-+ od PISA aan dg ee ee 46 


Figure 9. Shihtzupu, Tsunyi, Kweichou. (x2). 
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sBicrobhiele Sp: AiO 2. vac naueses ova vascastossl ep tpon Sense aderag eeineet ors plea cea ee ee §) 
Figure 1. Yuhsienszu formation at Yuhsienszu, Szechuan. x2. 

Orthid: ‘een. andy sp. IMdet  ...c.5 ccedec vecieviwa.03 ons ced pegoe ete Os oees see Ome nee sei eae blanca meee eee 9 
Figure 2. Leitap’o, Szechuan. x2. 

Isoteloides (2) *hupeiensis (SUN) scccceciedensaecae sgeeceee vos or cee en eee a eee ee ae ee 16 
Figure 3. Shihtzupu, Tsunyi, Kweichou. x 1. 

Aseimmature cranidium: of a) Taihungstanid’es.y.e.sa-ne--eeaeee eee ee eee ee een 14 


Figure 4. Leitap’o, Szechuan. x4. 
Figure 5. Strongly magnified. 

T.ithungshania miqueli (BERGERON) .............0--. ey 14 
Figure 6. A hypostoma. Drawa on the ieee of fig, ‘5, “aie 00 | in 1 THORAL, 1935. 


Basiliell Gevunnanensis s@REED) ie acdste ee eerste ae eee eee oe eee eee ee 33 
Figure 7. Shihtzupu, Tsunyi, Kweichou. x1. 
Figure 8. A restoration made on the basis of figs. 12 and 13 on pl. 6, in REED 
(1917). 


Asaphus cits Plaiyurus: NNGIIEIN, 1.0.4 c0S ted teen ee tee Oar eRe eee ee ee 26 
Figure 9. Pantseya, Huhsi, Hsingshanhsien, Hupei. x1. 
Oncholichass@) esinénsis CSUN). clecennts tees Se 21 
Figure 10. A restoration on the basis of fig. 4b on pl. 3 in SUN, (1931). 
Calymenesun tinh (SUN): soscetecs so pisces hee oa sree len Sane dates a EN ee 44 
Figure 11. A restoration of the Caption on the basis of figs. 9a-e on pl. 3 in 
SUN, (1931). 

Rezdocalymene unicornis (REED) oo... .2-eeeee ee OSE TL 
Figure 12. A restoration of the beankioune on ihe pak. ‘of i, 10. on a “7, in 
REED, (1917); anterior branch of the facial suture cannot be figured out. 

Figure 13. A side view of the cephalon on the basis of fig. 10a on the same 

plate; the free cheek appears to be displaced. 
Figure 14. A restoration of the pygidium on the basis of fig. 13 on the same plate. 
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Tsoteloides (2) hupetensis: (SUN) sienveccceos tossceaee ae teach ow seen ene ee cere tae ee nse eceeen ene 
Figure la. A simplified restoration of the cephalon on the basis of figs. 3b, f-g, 


on pl. 1 in SUN, (1931). 
Fi ure lb. A simplified restoration of the pygidium on the basis of fig. 3d on 
the same plate. 
Oneerpsss Hanigt! (SUNY i605 ced lew steve c tind ose Gal Out caventn oe cena naa or eee 
Figure 2 A simplified restoration of the dorsal shield on the basis of fig. 6, on 
pl. 3 in SUN (1931) and figs. 7-10, on pl. 1 in this paper; eyes may be larger 
than illustrated here. 
Mawnuneshania wuguelia (BERGERON) sear teey een nena eee 
Figure 3. A simplified restoration of the dorsal shield on the basis of figs. 1 
and 2 on pl. 22 and others in THORAL (1935). 
Niobe) -Rientehsiensis \(GHIENG)) hates cece eee ee eee 
Figure 4. A simplified restoration of the dorsal shield on the basis of fig. 16 on 
pl. 1 in SHENG (1934). 
Amphilichas C2) browia CSUN). cacgoes B.v ce ea oes ee 
Figure 5. A simplified restoration of a cranidium on the basis of fig. 5b on pl. 
3 in SNU (1931). 
Figure 6. A simplified restoration of a cranidium on the basis of fig. 5a on the 
same plate. 
Colpocoryphe paronal (GPELLIZZ ARV) r5.\ 5.5 cecsstbs asunder 
Fgure 7. A simplified restorations of the rolled carapace on the basis of text-fig. 
1, figs. 1la~c on pl. 1 in PELLIZZARI, (1915). 


16 


14 


25 


21 


Jour. Fac. Sci., Univ. Tokyo, Sec. Ii, Vol. VIIf, Pt. 1, Pl. V- 


-g 


a - 


MNS 


DODDS 


Mita oe 


| ; 
H 1 
Reged 
97 
as 
i 4 
* 5 
Es AS 
=) 
Ww 
io) 
ial 
a 
‘| 


High-Temperature Mineral Associations in a 
Certain Quartz Vein at the Ashio Mine. 


By 
Takeshi NAKAMURA 
Introduction 


The Ashio copper mine, one of the famous copper mines in Japan, 
is situated in Kamitsuga Gun, Tochigi Prefecture, at approximately 
36° 38’ north latitude and 139° 27’ east longitude. For many years 
this mine was foremost in the copper production in Japan. 

Recently, in examining the polished surfaces of ores from the 
Ashio mine with a reflecting microscope, the writer was impressed by 
the high-temperature mineral associations in some quartz véins. From 
this study, the character of the Ashio deposits became clear. Further- 
more, the problem of tin minerals was more or less settled and the 
eccurrence of native gold was clarified. Jn this paper the writer will 
give the paragenetic relations of minerals in the quartz vein. The 
characteristic features vf tin minerals in the mine will be treated in 


a subsequent paper. 


Geology of the Ashio Mine 


The Ashio mining district is mainly composed of Paleozoic for- 
mation, granite, quartz-porphyry, porphyritic rhyolite and younger 
sediments (Fig. 1). The outline of the rock formation is summarized 
as follows: 

Paleozoic formation :—Paleozoic formation, constituting the lower- 
most visible strata of the Ashio district, is composed of slate, 
sandstone and chert, and is considered to be an uppermost part of 
the Chichibu Paleozoic group corresponding to Permo-Carboniferous. 

Granite :—A coarse grained biotite-granite is found in Sori district, 
8 kilometers south from the Ashio mine, and also in the northern and 
eastern part of the mining area. Jn its contact aureole ‘in Paleozoic 
rocks, cordierite- and biotite-hornfels are well observed. 

Quartz-porphyry :—Jt is found widely in the northern part of the 
Ashio mining district. 
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Porphyritic rhyolite :—It is the most important igneous rock in 
the Ashio mining district, and occupies the greater part of the mining 
area as shown in Fig. 1. Along the contact between porphyritic 
rhyolite and Paleozoic chert, brecciated zone, being 1 to 40 meters in 
thickness, is well developed. Eruption of porphyritic rhyolite took 
place probably in middle to late Tertiary age. 

Funaishi formation :—Funaishi lacustrine formation, found uncon- 
formably on the porphyritic rhyolite, is composed of tuffaceous sedi- 
ments intercalated with several mudstone layers which contain fossil 


plants. From the fossil plants this formation is supposed to be 
Pleistocene. 
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The Ore Deposits of the Ashio Mine 


. 


The ore deposits of the Ashio mine are found both in porphyritic 
rhyolite and in Paleozoic formation. The deposits are of two types, 
veins and massive replacements. The veins occur mainly in porphy- 
ritic rhyolite, but also in the surrounding Paleozoic formation. The 
massive replacements, which are called “ Kajika” by miners, are 
especially abundant in Paleozoic chert, and are found only rarely in 
porphyritic rhyolite. In this paper, the writer will only describe the 
vein system in porphyritic rhyolite. From the general strike, veins 
are classified into two groups, the 60°-vein group and the 100°-vein 
group. The 60°-vein group, which is represented by the Yokomabu 
vein, the “champion vein” in the mine, strikes N 60° E and dips 
NW or SE steeply. The 100°-vein group, which is represented by 
the Shinsei vein, strikes N 80° W, i. e. N 100° E, and dips S or N 
steeply. 


The 650-shaku Vein in the Yabushiki-cross-cut 
in the upper 10th Level 


The quartz vein which the writer will mainly describe is the 
650-shaku vein in the Yabushiki-cross-cut in the upper 10th level. 
The location of the vein is shown in Fig. 1. 

It is a quartz vein in porphyritic rhyolite, striking N 60° E and 
dipping 80° to 85° SE. Jn the field, small amounts of cassiterite, 
wolframite and bismuthinite are recognizable, and chalcopyrite is 
found filling up druses in the quartz vein. No crustification banding 
is seen; however, very small cassiterite grains, 0.5mm to 1mm in 
diameter, are arranged approximately in a line close to both sides of 
the vein. As shown in Fig. 2, the quartz vein is cut by a pyrite vein. 


(1) Wall rock alteration 


The character of the wall rock alteration differs with increasing 
distance from the quartz vein. Three zones of wall rock alteration 
may be distinguished in porphyritic rhyolite. 

(1) Zone of silicification (1 to 2cm wide). 

(2) Zone of sericitization (30 to 50cm wide). 

(3) Zone of chloritization (a few meters wide). 
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Fig. 2. Sketch of the 650-shaku vein in the Yabushiki-cross-cut in the 
upper 10th level. (Plan) 


1: zone of silicification, 
2: zone of sericitization, 
3: zone of chloritization, 
Qe quartz) Py >> pyrite: 


(1) Zone of silicification :—Close to the vein silicification is in- 
tense. Under the microscope, the groundmass and phenocrysts of 
feldspar and biotite are completely altered to aggregates of small 
quartz grains. Moreover, quartz pnenocrysts are more or less decom- 
posed. 

(2) Zone of sericitization:—Away from the vein, sericitization 
becomes more intense. Original porphyritic texture is well preserved. 
Microscopically, alteration products are found to be sericite, quartz 
and chlorite. Among these, sericite is the predominant mineral in 
this zune. Feldspar and biotite are entirely replaced by sericite, but 
the outline of both minerals remains. In some cases, small amounts 
of minute quartz grains are found in sericitized feldspar. Sericitization 
has affected the groundmass as well as most of the larger grains. 
Quartz phenocrysts show no hydrothermal effects. 

» (3) Zone of chloritization:—A zone of chloritization borders the 
outer zone of sericitization and is green in color. Original porphyritic 
texture is observed. Microscopically, chlorite and small amounts of 
sericite and quartz are found as alteration products. Feldspar and 
biotite are mainly replaced by chlorite. In the groundmass, alteration 
is not distinct. Chlorite, the most essential mineral in this zone, 
shows a fibrous habit and has positive elongation. The index of 
refraction is about 1.66. Therefore, this mineral may be an iron- 
chlorite. 
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Impregnations of cassiterite are often found, microscopically, ‘in 
the zones of silicification and sericitization. ‘ 

Silicification and sericitization are more strongly developed near 
this quartz vein than in the vicinity of the more prevalent chalco- 
pyrite-rich veins. Jt seems probable that there is an intimate relation 
between the occurrence of various ore minerals and the nature of the 
wall rock alteration. The high-temperature mineral associations char- 
acterized by tin and tungsten minerals are accompanied by zones of 
strong silicification and sericitization. 


(II) Succession of mineralizations 


The following minerals have been identified from the 650-shaku 
quartz vein: cassiterite, wolframite, bismuthinite, native bismuth, native 
gold, wittichenite, stannite, chalcopyrite and pyrite. 

The following succession of mineralizations has been established : 

(1) Deposition of quartz containing small amounts of cassiterite. 

(2) Deposition of quartz accompanied by small amounts of wolf- 
ramite, chalcopyrite and bismuthinite. Microscopic grains of native 
bismuth, native gold, wittichenite, stannite and pyrite also belong to 
this stage. 

(3) Deposition of considerable amounts of chalcopyrite accompa- 
nied by quartz. 

(4) Deposition of pyrite. 

Among these, stages (1) and (2) show high-temperature associ- 
ations. 


(III) Ore microscopy 


(1) Minerals of the Ist stage. 

Cassiterite :—Cassiterite, 0.5mm to 1mm in diameter, scattered as 
specks in the quartz vein, has a light brownish color. Under the 
microscope, it is almost colorless and shows fibrous aggregate. The 
radiating cassiterite fibers resembling “ wood tin” are considered by 
the writer to have crystallized from a hypogene colloidal solution at 
shallow depth. 

The presence of tin was proved by the following method: 

(a) A polished section containing cassiterite was put on a glass- 
dish. 
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(b) Hydrochloric acid and zinc were placed upon the polished 
surface. As a consequence, the surfaces of the cassiterite grains 
were reduced to tin metal by hydrogen gas, and after about 24 hours, 
the surfaces were completely covered by tin metal. 

(c) The stained surfaces were washed by water, and a small 
amount of warm hydrochloric acid (1:1) was added to the stained 
surfaces to dissolve the tin film. 

(d) Filter paper was impregnated with a saturated aqueous 
solution of cacotheline,’ and a drop of the solution of (c) was added 
to it by pipette before the paper was quite dry. A reddish violet 
circle was formed on the paper. This color indicated the presence of 
bivalent tin. 

(2) Minerals of the 2nd stage. 

Wolframite :—Wolframite occurs as tabular crystals, and even in 
thin section it is almost opaque. 

Quariz :—Quartz, the only important gangue mineral of the 1st 
and 2nd stage, shows granular texture and wavy extinction under 
crossed nicols. Whether the wavy extinction is due to deformation 
or recrystallization, has not been, determined. However, considering 
the occurrence of the cassiterite and the nature of the ore deposits, 
it seems more probable that it is recrystallized from a chalcedonic 
quartz. 

Sericite :—Very small amounts of sericite are found in this stage. 

Native bismuth and bismuthinite :—Native bismuth is commonly 
associated with bismuthinite. The polysynthetic twin of native bismuth 
is recognized in some cases. 

Native gold :—Under the microscope, most of native gold is ac- 
companied by sulphide minerals. A close association with bismuth- 
minerals, such as native bismuth, bismuthinite and wittichenite, is 
especially noticeable. The grain size of native gold is about 10 microns 
in diameter. The largest grain is 100 microns in length, and 90 
microns in breadth. The occurrence of native gold may be classified 
as follows: 

(a) In most cases native gold is paragenetically related to native 
bismuth and bismuthinite. Jn a few cases, myrmekitic texture of 
native gold, golden yellow in color, and native bismuth as shown in 


1) Feigle, F.: Qualitative Analysis by Spot Test, p. 87, 88, 1946. Test with caco- 
theline. Limit of identification: 0.27 tin. Concentration limit: 1:250,000 
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Fig. 3, is recognized. Native gold and native bismuth are commonly 
found both in bismuthinite and in chalcopyrite. In bismuthinite native 
gold is also found alone. 

(b) With wittichenite in chal- 
copyrite, native gold is often found. 

(c) With other sulphide min- 
erals, such as chalcopyrite and 
stannite, native gold is occasionally 
observed alone. 

(d) In a few cases, native 
gold is found independently on 
the boundaries between quartz 
grains. 

Among these, (a) is the most 
important occurrence of native 
gold. The following interpretation 
is offered to explain the association 
of gold and bismuth: At temper- 
atures above the melting point of Li ; 

: : Fig. 3. Myrmekitic texture of native 
native bismuth, gold may be con- gold and native bismuth. One nicol. 
tained in liquid bismuth, and de- Au: native gold, bi: native bismuth, 
creasing temperature causes the G: gangue (quartz). 
separation of native gold and 
native bismuth. Consequently, myrmekitic texture of both minerals 
is formed. However, whether bismuth is contained in native gold- 
itself or not, could not be determined. 

Wittichenite :—This mineral is commonly found as a reaction rim 
between c’alcopyrite and bismuth-minerals, such as native bismuth 
and bismuthinite (Figs. 4, 5). In some cases it is recognized inde- 
pendently in chalcopyrite. 

The Cu-Bi-S minerals, such as emplectite, klaprothite and wit- 
tichenite, have been described from many localities. However, recently, 
E. W. Nuffield? indicated that so-called klaprothite from the type 
locality and other occurrences is only a variety of wittichenite and 
emplectite and other well established minerals. 

The characters of wittichenite in this quartz vein are as follows: 


1) Nuffield, E. W.: Studies of mineral sulphosalts: XI-Wittichenite (Klaprothite). 
Econ. Geol., 42, p. 147-160, 1947. 
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Fig. 4. Wittichenite found as a reaction rim between chalco- 
pyrite and bismuthinite. One nicol. x 100. 
wt: wittichenite, bi: native bismuth, bin: bismuthinite ; 
cp: chalcopyrite, st: stannite, G: gangue (quartz). 


Color: Grayish white in air. 
Reflection pleochroism: Recognizable in air, showing grain bound- 
ary line. 
Anisotropism under crossed nicols: Strong, but slightly weaker 
than that of bismuthinite and native bismuth. 
Hardness: B*t or C’. Harder than bismuthinite and softer than 
chalcopyrite. 
Etch reaction: HNO, (1:1), slowly effervesces. HCl (1:1), KCN 
(20%), FeCl, (20%), HgCl, (5%), negative. 
Referring to the description of the Cu-Bi-S minerals by H. Schneider- 
hohn and P. Ramdohr,? the characters of the mineral in this 
quartz vein are not in accord with those of emplectite, but with those 
of wittichenite. Hardness and color, especially, show no accordance 
with those of emplectite. The presence of Cu and Bi in this mineral 
was ascertained by microchemical tests, as described by M. N. Short.? 


1) Schneiderhohn, H. and Ramdohr, P.: Lehrbuch der Erzmikroskopie, Bd il, IAS yest 


2) Short, M. N.: Microscopic determination of ore minerals. Bull, U.S. Geol. Surv., 
914, 1940. 
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Stannite :—Stannite is 
occasionally found as a re- 
action rim between chalco- 
pyrite and cassiterite. Also 
it develops along the grain 
boundary line of bismuth- 
inite and occurs as specks 
in chalcopyrite. 

Chalcopyrite:—As _ al- 
ready described above, chal- 
copyrite plays an important 
role for the formation of 
wittichenite and_ stannite. 

In general, bismuthinite 
and native bismuth are 
included in chalcopyrite. 


(3) Minerals of the 3rd Fig. 5. Wittichenite found as a reaction rim 
stage. between chalcopyrite and native bismuth. x 130, 
Au: native gold, bi: native bismuth, wt: wit- 
tichenite, cp: chalcopyrite, G: gangue (quartz). 


In this stage, chalcopy- 
rite and quartz were formed. 
Chalcopyrite is the only important ore mineral in this stage. It is 
commonly found in druses in the quartz vein. The quartz of this 
stage is clearer than that of earlier stages. 

(4) Minerals of the 4th stage. 

A pyrite vein penetrates the 650-shaku quartz vein. Under the 
microscope pyrite is the only mineral observed. 


Conclusion 


(1) The ore deposits of the Ashio mine may be classified as 
“ Xenothermal ”’. 

(2) The high-temperature paragenesis at the Ashio mine is Clear. 

(3) Tin minerals, cassiterite and stannite, are recognized. 

(4) The intimate relation of native gold and native bismuth is 
demonstrated. 
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1. Introduction 


To study a species thoroughly is no less interesting than to dis- 
cover a copious fauna. Redlichia chinensis WALCOTT is one of the 
most familiar species for students of trilobite, but nevertheless little is 


100 T. KOBAYASHI and F. KATO 


known of the morphic changes which take place throughout its 
growth and of the ventral aspect of its carapace. These studies are 
especially important because it is an archaic polymeric trilobite cha- 
racteristic of the Lower Cambrian fauna in Eastern Asia. The 
ontogeny and the ventral morphology are the two principal subjects 
dealt with in this paper. . 

As shown in a comprehensive work by ST@RMER, 1945, investiga- - 
tions have been repeated on the trilobite ontogeny in Europe and 
North America in the last century since BARRANDE’s classical work 
in 1852. In Eastern Asia, however, very little has so far been done, 
notwithstanding that several larval or immature forms were reported 
to occur there by MONKE and others as follows: 


1) Larval forms of the late Middle Cambrian Kushan trilobites in MONKE, 1903. 

2) Two protaspids of Dolichometopus deois WALCOTT, one of Inouyia divi (WALCOTT) 
and another of an unknown Kushan trilobite in WALCOTT, 1913. 

3) Larval forms of Palaeolenus deprati MANSUY in LU YEN-Ho, 1942. 

4) Immature cranidia and a pygidium of Amphoton (Sunia) typica KOBAYASHI and 
Amphoton (Fuchouia) manchuriensis (WALCOTT) in KOBAYASHI, 1942. 

5) A larval form of Wutingia tingi KOBAYASHI, 1944. 

6) An immature cranidium of Teihungshania brevica SUN (?) in KOBAYASHI, 1951. 


There are, however, two works on the trilobite ontogeny. One 
is by R. Enpo on Blackwelderia quadrata (1935); the other is by Lu | 
YEN-Ho on Redlichia intermedia (1940). Thus this is the third paper 
to be published on this subject. 

The material used in this study was collected by S. NAGAOKA 
mostly at Sanshihlipu (=--Ip7%) near Chinchou (4:4) on the Liaotung 
peninsula, Manchuria, and partly at Chiulichuan (ju/e), 10.7 km. SW 
of the Sanshihlipu locality, both in shales in MATSuSHITA’s Sanshih- 
lipu stage. Selected specimens in NAGAOKA’s collection were purchas- 
ed by NAKAMURA as an addition to the collection of the Geological 
Institute, Kyoto University. A small collection obtained from Sanshih- 
lipu by the senior author and kept in the Geological Institute, Univer- 
sity of Tokyo is also referred to in this study. MATsuUSHITA (1930, p. 
37 in Engl. text) quoted that ‘The middle part of this (Chinchou) 
series to which the writer gives the name, the San shih li pu stage, 
is composed of chocolate coloured flaky slate with a thickness of 20 
to 30 m. and contains Redlichia chinensis, a characteristic Lower 
Cambrian fossil in Eastern Asia.’’ 

Except for a few specimens, all before hand were procured at the 
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type locality of Redlichia manchriensis and R. murakamii, which is 
located on the west side of the highway SW of the Sanshihlipu railway 
Station. As a result of taxonomic study these two species are known 
to be synonyma of R. chinensis. In addition, a few specimens of 
Chetruroides, Alutella and Obolella are contained in the NAKAMURA- 
NAGAOKA collection, but there is no possibility of their being confused 
with Redlichia in this ontogenetical study, because the Cheiruroides 
shale from Chiulichuan is dark greyish or somewhat purplish, and 
more fine grained than the Redlichia shale from Sanshihlipu which 
is dark brownish in colour, or somewhat reddish in part, and mostly 
a little coarser in texture. Further, no Redichia is found in the same 
slab with Cheiruroides. 


About a hundred specimens are nearly complete dorsal shields, 
more than 60 of which have cephala which range in breadth from 4 
mm. to 10 mm. and therefore all of them are immature individuals. 
During the study the senior author discovered a few young meraspids 
and several protaspids. Because the largest cranidium at hand is 45 
cm. long and 45.6 cm. broad, its complete dorsal shield must have 
been about 15 cm. long. It is a little smaller than the largest of 
Australian Redlichia idonea which would be about 18 cm. long 
according to WHITEHOUSE (1939). The history of development of 
Redlichia chinensis can thus be seen from the young protaspid to the 
full grown holaspid with this collection. 


The find of the semi-anchylosed segment, that is, the segement 
with free pleurae, but its axial ring fused with the preceding ring on 
the pygidium of Redlichia chinensis, is a new structure which casts 
light on the metamerism, that is, the increase of the segments of the 
carapace. A note is given here on the relation of the polymerism in 
the ontogeny to the miomerism in the phylogeny where the polymer- 
ism and miomerism mean the increase and decrease of the thoracic 
segments respectively. Further, it is of great interest to find that the 
migration of the facial suture and the transformation of the glabellar 
outline seen in this ontogenetical series is just the reverse to what 
has been thought as the evolutional trend from the phylogenetical 
series. 

Because the carapace was oxdized to some extent after pyritiza- 
tion, it is difficult to make accurate observations, particularly on the 
tiny protaspids. Therefore the parts of the observation which are 
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obscure are clearly indicated in the description. Another difficulty 
which the authors encountered is secondary deformation, because of 
which the measurement of the specimens cannot be taken at face value. 
The specimens to be measured were carefully selected in order to 
avoid this error as much as possible. Also the median taken from 
the measured values or the ratio between the values measured in the 
identical directions is considered. Thus the trend of morphic trans- 
formation can be determined fairly accurately. At first the senior 
author expected to discover some differences indicative of the sexual 
dimorphism in the series of the dorsal shields, but due to the deforma- 
tion no clear cut distinction between male and female can be re- 
cognized. 

Bad luck in one sense, however, frequently turns out to be good 
luck in another. The deformation caused by the dorso-ventral depres- 
sion in addition to the exfoliation of the dorsal test, helped the 
authors to figure out the outline and position of the hypostoma rela- 
tive to the cephalon. Although the specimens are not plentiful enough 
to follow the development, it was found that the hypostoma changes 
its outline through growth. There is no specimen which shows the 
connection of the hypostoma to the doublure very clearly, but as the 
the aspect has already been illustrated with a specimen of Redlichia 
mansuyt from .Hupei (KOBAYASHI, 1944, pl. 8, fig. 9,) the ventral view 
of the cephalon can now be fairly well figured out. Moreover, the 
accidental clefts or ridges occasionally met with on the deformed 
specimens can now be readily understood. 

The greatest significance of the depressed and exfoliated specimens 
was the find of the hypostoma, appendifer and circulatory and other 
organs in the larval forms which have not been recognized pre- 
viously. 

With reference to Lu’s and other papers, the concept of the 
Redlichia carapace and its transformation through ecdysis for much 
more than fourteen times is well understood. It was a surprise to 
the senior author that Redlichia is quite distinct from any of the 
Olenellidae in the early ontogenetical stage, because they have gene- 
rally thought on the basis of adult specimens to be intimately 
related to each other. On the contrary, Redlichia agrees with Dole- 
volenus in several aspects. Therefore it is suggested that in future 
study in the Mediterranean region the fundamental problem as to the 
zoo-palaeogeographic relation between the Redlichian and the non- 
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Redlichian provinces may be solved. Incidentally, a new family name, 
Dolerolenidae, is proposed for the Olenopsidae by the senior author 
for Olenopsis was renamed Dolerolenus by LEANZA (1949). 


2. Setting and Acknowledgments 


Dr. Susumu MATsSuSHITA, Professor of the Kyoto University, who 
is the successor to Prof. NAKAMURA, is an old friend of the senior 
and the junior author is an assistant in the section of Historical 
Geology in charge of Dr. MATSUSHITA, where the NAKAMURA-NAGA- 
OKA collection is stored. For his friendship to the senior author, for 
his assistance to the junior author, for the privilege of studying this 
excellent collection and for the facilities received from him at his 
place the authors jointly wish to express their most cordial thanks to 
Dr. MATSUSHITA. They also wish to thank Prof. Yo OKADA of the 
Zoological Institute, University of Tokyo and Dr. Iwao TAkI of the 
Mukaijima Marine Biological Station attached to the Hiroshima Uni- 
versity for their suggestion to and discussion with the senior author. 
Thanks are also due to the officials of the Education Department for 
the research grant given to the senior author. 


The material was prepared for study, and selected specimens 
were measured with the aid of Zeiss’ Meschlupe by the junior author. 
The photographs except a few photos. by C. UEKI were made by 
the junior author. All the drawings were done by S. Suzuki. The 
authors are much indebted to these artists. The senior author’s 
observations were checked by the junior author. For the remarks, 
interpretation and discussion, however, the senior author is solely 
responsible. The authors are also indebted to Dr. Helen L. FOSTER 
for her aid in editing the English typescript. 


Commencing from a time prior to his entrance into the Univer- 
sity of Tokyo, the senior author has received keen advice from Dr. 
NAKAMURA which was especially helpful in the Cambro-Ordovician 
study in Korea. He bestowed benevolence on the junior author who 
was his assistant from 1923 to his death in 1941. Recently the authors 
studied jointly the fossil collection to which he had given his special 
attention. The outcome is this paper which is dedicated to the late 
Dr. Shintaro NAKAMURA. 
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3. Protaspids of Redlichia chinensts. 
a. Anaprotaspid. 


BEECHER’S term, Protaspid, as used by Raw (1925) and many 
other modern students, is restricted here for the early larval form of 
trilobites which have no thorax. There are two kinds. One in an 
earlier stage is the anaprotaspid which has no pygidium, although it 
may have a protopygidium. The other, a later stage, is the metapro- 
taspid which has a transitory pygidium separated from the cephalon 
by a transverse furrow: 


Anaprotaspid, 0.8 mm. long and 0.7 mm. broad. 
Plate 1V, Figure 1. 


Observations :—This protaspid is strongly depressed into a flat 
disk and slightly deformed obliquely; its test remains only in the 
central part and a few other places. 

Shield obovate and flattened. Glabella nearly one-third as wide 
as the shield in the anterior part, but tapers gradually posteriorly ; 
anterior four lobes almost uniform in length; the last one longer and 
subtriangular but whether it reaches the rear end is not known; 
outline of the two anterior lobes the test of which is exfoliated, is. 
somewhat contracted between the two lobes, but contraction is slight 
between the succeeding lobes of which the test is preserved; elongat- 
ed axial depressions seen on these lobes are especially distinct on the 
third lobe where the carapace is strongly depressed; two pairs of 
elevations or tubercles seen on this lobe, the anterior pair of which, 
however, is less prominent. 

Narrow transverse furrows extend from the glabella into the. 
cheeks except the first furrow, but because the test of that part of 
the cheek is not preserved, it is inferred that the first furrow was 
originally present. Behind this part there is a relatively broad and 
depressed peripheral band which is delimited inside by a furrow; 
subquadrate section thus outlined in places, bisected by an accessory 
transverse furrow.. The lateral margin is entire, and no projection is 
seen in front. In the anterior part on the right side of the observer’ 
there is a narrow crescentic ridge which extends laterally from the 
side of the frontal lobe and is pointed behind. 
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Remarks :—This crescentic ridge may be the so-called eye ridge, 
but it is also possible that it is an incipient free cheek which is 
rolled up. At any rate, an incipient facial suture is to be expected 
along the inner margin of the ridge because the line generally delimits 
the free cheek and an eye lies on it. 


The axial depressions are unconnected in this specimen, but they 
are united into a continuous groove in the next specimen. The un- 
usually broad peripheral band defined by a furrow, may be caused by 
resistance of a broad doublure against dorso-ventral depression. It is 
curious that the peripheral band is bisected in each segment, because 
this suggests the incipient pleural furrow. Two pairs of lateral tuber- 
cles on the middle lobe of the glabella is indeed a unique feature. If 
the tubercles indicate leg attachments, the two pairs mean diplopods, 
but the leg attachments, seen in other protaspids in this collection are 
all one pair in one segment, as it is well ascertained in the holaspids 
of other trilobites. Therefore the anterior one of the two pairs of the 
tubercles may be accidental elevations caused by something else than 
the leg attachments. Any further discussion is therefore deferred until 
more examples are found. 


So far as can be made out, there is neither an indentation along 
the posterior margin, nor as distinct a furrow as the one separating 
a transitory pygidium from acephalon. The rear segment is relative- 
ly large and the fifth axial lobe unusually long and subtriangular, 
but as far as can be seen, it appears to be a single segment. There- 
fore this must be an anaprotaspid. The protopygidium cannot actual- 
ly be seen. It is larger than the early metaprotaspid described below, 
but seeing that this anaprotaspid is flattened, it is understood that it 
is expanded secondarily when depressed dorso-ventrally. 


Comparison :—In regard to the outline, thick rim and long coni- 
cal glabella, the specimen is not essentially different from the anapro- 
taspid (0.54 mm. long) of Redlichia intermedia Lu, 1940. The glabella 
is however, shorter, lateral furrows absent and the eye ridge is well 
developed in Lu’s specimen. In the presence of a ridge on the antero- 
lateral rim the present specimen apparently agrees better with the 
larval form (0.5 mm. long) of Redlichia (Redlichops) blanckenhorni 
RICHTER, 1941. His specimen, however, has the backwardly expand- 
ed outline and the posterior outline of the shield appears to be more 
or less truncated like an agnostidian cephalon. In some way it looks 
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similar to the anaprotaspids of Olenopsis sp. by BORNEMANN (1891), 
Blackwelderia quadrata ENvo (1935) and Paradoxides pinus HOLM 
in WESTERGARD (1936), and especially to certain forms of Olenopsis 
sp. in figs. 1-3 on pl. 22 in BORNEMANN, although BORNEMANN’S are 
somewhat elliptical in outline. 

Incidentally Dolerolenus was established by LEANZA, 1949, as the 
generic name for Olenopsis BORNEMANN, 1891, because it is preoccupi- 
ed by Olenopsis AMEGHINO, 1889. This action causes the senior author 
to replace the Olenopsidae KOBAYASHI, 1935, by Dolerolenidae KoBa- 
YASHI, nov. 

It is certainly the remarkable fact that the larvae of these three 
species of Redlichia are similar to one another, but quite distinct 
from any of the Olenellidae, although WALcoTT (1910) and others 
noted that Redlichia is intermediate between the Paradoxidae and 
that family in the character of their adult forms. 


b. Early Metaprotaspid. 


Early Metaprotaspid, 0.64 mm. long and 0.63 mm. broad. 
Piel, igedlepl., Donon sands play sadigorce 


Observations :—Because this specimen is scarcely deformed, its 
outline and convexity may not be much different from its original 
shape. Its relief reveals some of the internal characteristics, because 
the test is mostly gone. 

Shield obovate, more expanded anteriorly, a little protruded in 
front, strongly vaulted, but surrounded by a narrow depressed rim 
and distinctly trilobed by a pair of very deep and wide dorsal 
furrows. 

Glabella more strongly convex than the cheeks, elevated above 
the latter and quinqui-segmented by four transverse furrows; frontal 
lobe extraordinarily large and strongly expanded laterally; remaining 
four much shorter and the more posterior one a little shorter; axial 
groove pitted at the center of the frontal lobe whence it extends to 
the center of the last lobe; the groove distinctly developed on the 
succeeding lobes, though it is somewhat contracted and even shallows 
in crossing the transverse furrows; three middle lobes, each provided 
with a pair of tubercles in front of its posterior furrow; dorsal 
furrow distinctly pitted on the antero-lateral side of the frontal lobe 
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and broadened behind it. A ridge extends laterally from the front 
of the pit along the frontal margin. The four transverse furrows 
cross the cheeks in wavy or arcuate courses; among the five lobes 
thus found on the cheek the second one is the largest. 


The rear part which occupies about one-eighth the length of the 
shield cannot be clearly seen, but it is evident that the part is sepa: 
rated from the cephalon by an unusually deep transverse furrow; 
axial lobe of the transitory pygidium appears to be bi-segmented. It 
is fairly certain that the left first pleura is projected beyond the 
general margin and is apparently truncated at its lateral end. 


The internal structure of the protaspid as seen in these speci- 
mens was previously unknown. The axial groove is more clearly 
seen in this than in the preceding specimen. Jt must have been a 
narrow tube on the dorsal side, which is contracted at each junction 
between the axial lobes, and probably indicates the heart or pericardial 
sinus. If the paired tubercles on the middle three lobes are muscle 
scars, their prominence probably means that the corresponding appen- 
dages were well developed. If the antero-lateral ridge is the incipient 
free cheek as interpreted above, it follows that the incipient facial 
suture runs down longitudinally from the anterior end of the free 
cheek, because the median doublure separated from the cheek by the 
sutures on both sides protrudes in front of the glabella in this speci- 
men. The pit behind it presumably has something to do with the attach- 
ment of the antenna because the pit is set close to the frontal lobe. 


~ ge Sy AR Comparison :—The frontal projection 
(y ap of the outline is somewhat similar to 
oo om d that of certain anaprotaspids of Olenopsis 
Text-figure 1. Larval forms of sp. by BORNEMANN in fig. 6, pl. 22, but 
Dolerolenus sp. (Olenopsis sp. the projection, if present, is broader in 
BORNEMANN, 1891). Figs. a-d 5 EAN 
correspond respectively to fige.1,  BORNEMANN’s. ‘The similar antero-lateral 
2, 3 and 6 on pl. 20 in BoRNE- yjdge is found along the margin not 
Be only in the preceding anaprotaspid but 
also in the protaspids of Sao hirsuta BARRANDE (1852), Blainia gre- 
garia WALCOTT (?) by LALICKER (1935) and a few others. The axial 
groove frequently seen in various larval stages of Paradoxides spp. 
has been disputed (RAYMOND, 1914, Raw, 1925, WESTERGARD, 1936). 
The senior author believes that it may be genetically the same as that 


mentioned above. 
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b. Middle metaprotaspids. 
Middle metaprotaspid No. 1, 0-75 mm. in length and breadth. 


Plate I, figure 2, plate IV. figure, 3. 


Observation :—This specimen is obliquely compressed to some 
extent. 

Shield gently convex, subcircular in outline and composed of a 
cephalon and a transitory pygidium, the former being nearly three times 
as long as the latter. Glabella subcylindrical, but its frontal lobe is 
larger, well rounded, expanded forward and somewhat drooping. The 
frontal crescentic band remarkably depressed; an eye ridge distinctly 
elevated, issues behind it, extending from the junction between the 
anterior two lobes of the glabella laterally and then backward along 
the periphery ; three arcuate furrows extend halfway across the cheek 
behind the ridge. 

The transitory pygidium inclined back; axial lobe trisegmented ; 
the first pleura prominent and extend hack into a spine; posterior 
margin between the pair of spines appears entire and obtusely angulated 
at the posterior end. 

Remarks :—Judging from the inclination of the transitory 
pygidium, its junction with the cephalon may have been flexible. 
Therefore it is probable that it “was used as a swimming fin” as 
suggested by RaymMonp, (1920) and StT@RMER (1942). On the left eye 
ridge there is a subquadrate plate which has a round central eleva- 
tion; its posterior margin is wavy. The aspect reminds one of a 
detached hypostoma, but what it is actually is a question. 


Middle metameraspid No. 2, 0.8 mm. long and 0.7 mm. broad. 


Plate I, figure 4, plate IV, figure 4. 


Observations :—This shield is represented by an internal and an 
external mould which are scarcely deformed. It is quite similar to 
the preceding, but the frontal crescentic band is not so well developed 
as the preceding, although the carapace is strongly depressed or even 
pitted on both sides of the frontal lobe of the glabella. A pair of 
distinct eye ridges issue from the posterior part of the frontal lobe. 
They are fairly prominent transverse elevations, but become obscure 


On the Ontogeny and the Ventral Morphology of Redlichia chinensis 109 


and apparently merge into the depressed peripheral border in the 
posterior part of the cephalon. The transverse furrows are traceable 
half to two-thirds the breadth of the cheek. 

The axial lobe of the transitory pygidium is trisegmented and 
elevated above the pleural parts which are a little inflated. No 
pleural furrow is seen on the parts. A pair of spines longer than 
those of the preceding specimen, are protruded behind and the margin 
between the spines is entire. 

Remarks :—This specimen probably shows the undeformed outline 
of the metameraspid which is more expanded in the anterior than in 


the posterior part. It may be a transitional form with regard to the 
effacement of the eye ridge. 


Middle metaprotaspid No. 3, 0.7 mm. long and 0.6 mm. broad. 
Plate IV, figure 5. 


Observations :—This is an external mould laterally compressed. 

Shield similar to the preceding specimen, but the frontal lobe is 
distinctly incised at the front; a ridge found on its side along the 
periphery; weak furrows cross the cheeks as well as the marginal 
rim. Transitory pygidium somewhat inclined posteriorly; its axial 
lobe trisegmented ; the first pleura projected into a long spine and the 
second into a short spine. 

Remarks :—In a certain meraspid of Paradoxides pinus (WESTER- 
GARD, 1936, pl. 4) figs. 1 b and 2, a similar incision exists on the 
frontal lobe. 


Middle metaprotaspid No. 4, 0.7 mm. long and 7.5 mm. broad. 
Plate IV, figure 6. 


Observation :—Because of deformation in the axial trend the 
shield has swelled up with the result that the breadth exceeds the 
length and all of the transverse furrows are exaggerated. 

This specimen appears to have a procranical spine similar to those 
of Paradoxides pinus (WESTERGARD, 1936, pl. IV, figs. 3 and 4.) The 
spines are not protruded antero-laterally as seen in a younger form of 
P. pinus (fig. 3), and Olenellus armatus Peach (WALCOTT, 1910, pl. 
25, fig. 2). The difference may suggest some differences in the mode 
of life. The eye ridge is obscure in the middle metaprotaspid at hand. 
The second pair of pleural spines on the transitory pygidium are longer 
than those in the preceding stage. 


110 T. KOBAYASHI and F. KATO 


Middle metaprotaspid, No. 5, 0.75 mm. long and 0. 67 mm. 
broad. 

Observations :—Three additional protaspids similar in size are 
not sufficiently well preserved to yield any new fact, except No. 5. 
In it (PI. I, fig. 3, pl. IV, fig. 7) the depressed band is well deve- 
loped along the margin, except the rear part which is not well 
preserved. The subelliptical outline of this shield may be close to 
the original one. 

Remarks :—The apparent morphic differences among these speci- 
mens are partly caused by deformation and changes in fossilization. 
The length and strength of the transverse furrows on the cheeks 
vary greatly, probably for this reason. The absence of the procranial 
spine on the specimen may not always mean that it was originally 
absent. Because the frontal band i. the preglabellar field is bent 
down into the doublure, apparent morphic differences among them 
may be due to the manner in which this rolled plate was deformed. 

More important differences are found in the eye ridge and pleural 
spines. The ridge is distinct in a metaprotaspid Nos. 1 and 2, but 
indiscernible in many others. Whether its prominence depends upon the 
manner of preservation is a question. At any rate three substages as 
illustrated in figures 8-10 on plate IV may be distinguished with 
reference to the development of the pleural spines on the transitory 
pygidium. | 

Compared to the anaprotaspid and early metaprotaspid, the middle 
metaprotaspids are generally more circular in outline, axial lobe 
narrower and more cylindrical and its frontal lobe is, though rounded 
and a little larger, not much broader than those behind it. 


d. Late metaprotaspid. 
Late metaprotaspid, 0.96 mm. long and 0.7 mm. broad. 


Plate I, figure 5, plate IV. figure 11, 


Though incomplete, the outline of the shield is scarcely deformed. 
It is the solitary representative of the still later stage of metaprotas- 
pid. Its outline is more elongated and elliptical, its transitory pygidium 
larger, exceeding one-third the length of the shield, and quadrisegment- 
ed. The left third pleural spine is produced postero-laterally. but all 
others cannot be seen. The aspect of the cephalon is not essentially 


On the Ontogeny and the Ventral Morphology of Redlichia chinensis 111 


different from that of the preceding forms except a pair of scars, 
probably of the antennal attachment which are seen on both sides in 
the anterior part of the frontal lobe. 


Remarks :—It is a significant characteristic of Redlichia that not 
only the glabella but also the cheeks are divided into similar segments 
distinctly by transverse furrows and surrounded by a relatively broad 
and flat marginal border even in the late metaprotaspid. The glabella 
is always quinquisegmented and never reaches the frontal margin, all 
through the protaspid stage. The eye ridge is not always developed. 
Because these aspects as a whole reveal that cephalic segmentation is 
not much differentiated even .in the late metaprotaspid, the Redlichian 
protaspid must be morphologically the most primitive one, if not one 
of the most primitive ones. 


In the protaspids referred to Dolerolenus, as in those of Redlichia, 
the transverse furrows are developed on the cheeks, the shield is 
surrounded by the marginal rim and the anterior outline sometimes 
protrudes as in the above mentioned early metaprotaspid, although, 
the protrusion in Dolerolenus appears to be a preglabellar band as 
Seen in some middle metaprotaspids (ex. no. 1) of Redlichia chinensis. 
Further it is noteworthy that the transverse furrows never extend 
into the rim in Dolerolenus. These furrows are occasionally seen on 
the axial side of the cheeks in Middle Cambrian Blainia gregaria 
WALCOTT? (LALICKER, 1935) and Liostracus(?) sp. (ST@RMER, 1942) 
and also in Late Cambrian Olenus gibbosus (\WAHLENBERG) (ST(RMER, 
_1942) even in the metaprotaspid stage. These relic furrows are note- 
worthy because they show the retardation of their effacement. In the 
constant existence of the marginal rim the protaspids of Redlichia 
agree with those of the Olenellidae, but in most other features they 
are quite different. 


Little has been known about the ventral side of the larval cara- 
pace, but as noted already, it is presumed that the incipient suture, 
though mostly marginal, appears first on the antero-lateral side of the 
dorsal shield. It runs, most probably, down longitudinally and, toge- 
ther with the hypostomal suture, outlines the median doublure or 
rostral plate. Assuming that the hypostoma(?) on the middle meta- 
protaspid No. 1 is attached there, the ventral view of the larval 
carapace may be as illustrated in figure 12 on plate IV. Judging 
from the scars, an antenna must have issued from each side of the 
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hypostoma. Behind it there were at least three pairs of legs, but 
any trace of the fourth leg can be found in these specimens. 


4. Early Meraspids of Redlichia chinensis 


The Raw-CopBotp’s term, meraspid is adapted here to designate 
the immature form of a trilobite which has less thoracic segments 
than those of the adult. With reference to the facial sutures meras- 
pids of various trilobites may be classified into two kinds, namely 
without and with the open facial suture, which are called here ana- 
and meta-meraspid respectively. It is, however, a question whether 
the facial suture appears incipiently during the protaspid period in 
some trilobites. Whether Redlichia really lacks the anaprotaspid 
stage is left for future study to determine. At any rate the youngest 
among the meraspids in hand is a metameraspids degree 3, that is, 
trisegmented in the thorax in which the facial suture is already 


present. 


Text-figure 2a. Meraspid with three Text-figure 2b. Meraspid,fdegree 3, showing 
thoracic segments, 1.66 mm. long the glabella and its adjacence, Internal 
and 1.85 mm. broad. (See Pl. mould strongly magnified and. not re- 
1, figs. 6-7). , touched. (See also Pl. I, fig. 6-7). 


a. Early Meraspids 
Meraspid with three thoracic segment 
Plate I, figure 6 and 7, text-figs. 2 a-b. 


Observations :—This is represented by an external and internal 
cast of nearly complete dorsal shield, 1.66 mm. long and 1.85 mm. 
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broad ; the cephalon, 1.18 mm. long, is five-sevenths the length’ of the 
shield. 


Cephalon exclusive of genal spines, more or less elliptical, truncat- 
ed by the occipital margin; margin between the genal and intergenal 
spines straight and oblique to the occipital margin; marginal border 
flat and thick; genal spine projects beyond the thorax; glabella 
subcylindrical, slightly expanding forward, about one-fifth as wide as 
the cephalon, extends to near the frontal border and is composed, 
apparently, of five lobes the frontal one of which is large and the 
occipital one triangular; occipital furrow deep and transverse; eye 
lobe extending from the side of the frontal lobe laterally and then 
posteriorly, describing about a quarter circle; a short ridge issues 
from its terminus and projected into a tiny intergenal spine; facial 
suture faintly seen running antero-laterally from a point near the 
middle of the eye lobe. 


Thorax plus pygidium subtriangular in outline; the first thoracic 
segment extending laterally only a little farther beyond the intergenal 
spine; post-cephalic axial lobe conical and slightly narrower: than the 
pleural lobe. Thorax composed of three segments; pleural groove 
broad and deep; pleural spine shortened and extends postero-laterally. 


Pygidium appears to be composed of three segments similar to 
those of the thoracic ones, in addition to a small terminal lobe which, 
however, cannot clearly be seen. 

Internal structure :—It is extraordinarily interesting to see the 
structure impressed on the glabellar part of this internal cast. On 
the frontal lobe a pair of relatively large circular elevations are seen 
in front of the terminus of the eye ridges. They are each surrounded 
by a relatively wide and deep groove. They may be the antennal 
attachments. A narrow ridge extending back from the center of the 
elevation is probably either a nerve cord or the scar of the antennal 
muscle. There is a much larger semi-ovate platform behind the eye 
ridges, surrounded by a narrow inclined peripheral zone on which a 
number of fine ridges and grooves are radially disposed from the 
margin of the platform. As far as can be judged from the shape, 
position and size, it may be the middle and posterior parts of the 
hypostoma which has an indented margin as seen in Wanneria 
walcottanus (WANNER) and a few other species of the Olenellidae 
(WALCOTT, 1910). 
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Between the supposed antennal tubercles there is a chain of tiny 
elongated tube which extends back into the platform for some dis- 
tance. It is contracted at uniform intervals, although the middle two 
intervals are a little larger. Another pair of pits of similar size are 
found on the sides of the axial tube. It is probable that the axial 
tube is the impression, possibly, of the heart. Whether the lateral 
pits are the scars of stomach muscles, the nervous ganglions, or 
something else is a question. 


Meraspid with five thoracic segments. 


Plate IJ, figure 8. 


Observation :—This carapace measures roughly 2.6 mm. in length 
and 2.5 mm. in breadth. It appears to have 5 segments in the thorax. 
The glabella is subcylindrical but narrows somewhat forward and is 
composed of a large frontal lobe, three succeeding lobes and a sub- 
triangular occipital lobe; they are separated from one another by 
four furrows among which the last one is strong. 

Because the left free cheek is displaced a little and the right one 
so widely that it is underlain beneath the cranidium except for its 
genal spine, it is probable that the facial suture is more open in this 
than in the preceding stage. 

' Remarks :—These two meraspids look in some way similar to 
Prestwichianella and also the larva of Limulus in the so-called Prest- 
wichianella stage by ST@RMER (1944), i.e. the trilobite stage by many 
authors, if the cephalon of the former is compared to the cephalo- 
thorax of the latter and the thorax plus the pygidium to the abdo- 
men. Because the fusion of the carapace segments is so different, 
the apparent resemblance of the general outline means, however, no 
more than a similarity in their mode of life. If so, Redlichia chinensis 
in the trisegmented meraspid stage may be a vagrant benthos. 


Meraspid with five or more thoracic segments. 
of Plate I, figure 9, plate V. figure 1. 


Observation :—The carapace is dismembered and the part of it 
behind the fifth thoracic segment is missing. Its cranidium, 1.44 mm. 
long, is laterally compressed. As the result the glabella appears 
cylindrical, the dorsal furrows are emphasized and the lateral ones 
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are almost gone except for the occipital one. Further a pair of ditches 
came out in front of the eye ridges probably due to resistance of the 
hypostoma against compression as will be discussed later. Neverthe- 
less this meraspid is quite similar in appearance to the precedings, if 
the secondary modification is overlooked. The anterior facial sutures 
are, however, more widely divergent. A long axial spine is preserved 
on the fourth thoracic segment in this specimen. 


b. Meraspid-Cranidia 


There are several cranidia of early meraspids. One (meraspid 
cranidium, no. 1, pl. J, fig. 10) 0.9 mm. long and 1.2 mm. broad 
between the eye ridges, is axially compressed a little. As the result 
the transverse furrows are emphasized. Its glabella is teretely conical; 
occipital lobe subtriangular; frontal lobe well rounded; eye ridge 
extends from the posterior part of this lobe laterally for some distance 
and then is rather abruptly bent backward. The facial sutures extend 
from the turning point a little divergently. 

Another meraspid cranidium (no. 2, pl. I, fig. 11) probably com- 
pressed laterally, is 13 mm. long and 1.2 mm. broad between the 
eye ridges. It is similar to the preceding cranidium, but the frontal 
lobe is clearly bisected by incision of short lateral furrows and the 
eye ridge extends laterally from its posterior division. The anterior 
facial sutures are more widely divergent than in the preceding. 

Still another meraspid cranidium (no. 3, pl. IJ, fig. 1) which is 
obliquely deformed and whose anterior part is not preserved, is 1.1 
mm. long and 1.6 mm. broad between the eye ridges. Compared to 
the preceding two cranidia, the glabella is broader and the eye ridge 
more regularly curving. The occipital ring has a very narrow rim 
along its posterior margin and is pointed into the intergenal spine as 
seen on itS adjacence. 

-JIn the early protaspid stage the glabella is always subcylindrical, 
but expanding somewhat forward at first and later backward. The 
general tendency is for the facial sutures to become more divergent 
in the later stage of growth. 

The intergenal spine cannot always be seen in these meraspids, 
but there is a meraspid cephalon (no. 4, pl. I, fig.°12) 2 mm. or less 
in length in which the spine is clearly shown. In none of the pre- 
ceding specimens the presence of the occipital spine can be definitely 
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ascertained, but in a cranidium (no. 5, pl. I, fig. 13) 1.7 mm. in length 
as well as in breadth between the eye ridges a long spine issuing 
from the occipital ring measures 1.2 mm. On a cranidium (no. 6, 
pl. I, fig. 14), 3.6 mm. long and 3.4 mm. wide, the anterior branch of 
the facial suture is already transverse and a trace of the broken 
spine js seen at the end of the posterior projection of the occipital 
lobe. This specimen is compressed laterally. In a late meraspid with 
12 thoracic segments (ca 5 mm. in cephalic breadth, pl. JI, fig. 2) the 
occipital spine extends back a little beyond the fourth thoracic seg- 
ment and another spine on the fourth thoracic segment projects far 
back beyond the eleventh thoracic segment. 


5. Note on the Cephalic Segmentation 


Discussion of this subject has a long history as reviewed by 
WARBURG (1925), ST@RMER (1942) and others. -In Redlichia chinensis 
the glabella of the protaspid is always segmented into five lobes by 
distinct four transverse furrows, but the frontal lobe is generally 
larger except in the anaprotaspid stage. In this stage there are a 
pair of pits on the anterior lateral sides of the frontal lobe, which 
are probably the scars of the antennal attachment. A pair of anten- 
nal scars are found within the frontal lobe in the tri-segmented 
metaprotaspid. 

The senior author is not quite convinced that the antero-lateral 
ridge should be referred to the eye ridge, because it can be seen in 
the anaprotaspid, bi-segmented metaprotaspid and tri-semgented meta- 
protaspid no. 2, but not in the other metaprotaspids. Therefore 
another possibility is in an accidental elevation of an incipient frea 
cheek caused by deformation. If there is an incipient suture on the 
preglabellar band, the part outside of this weak line may be easily 
wrinkled and rolled up. 

On the other hand, there are undeniable eye ridges in the middle 
metaprotaspid no. 1 and also no, 2 which extend laterally from the 
posterior part of the frontal lobe. In the anaprotaspid of Redlichia 
intermedia LU, 1940 (pl. I, fig. 1) the ridge is located in the same 
position. Through the meraspid to the holaspid stage the eye ridge 
extends laterally from the posterior part of the frontal lobe. 

In a meraspid cranidium no. 2 the frontal lobe is bisected by 
incision of short lateral furrows and in the tri-segmented meraspid 
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there are a pair of antennal scars in the anterior part and the eye 
ridges spring out from the posterior lateral parts of the frontal lobe. 

These facts lead to the conclusion that the frontal lobe of the 
glabella in Redlichia in the meraspid and later stages, consists of the 
two parts, or most probably the two segments; the anterior i.e. 
antennal and the posterior i.e. the ocular segment. As BEECHER 
(1895) noted, such a bi-segmentation of the frontal lobe is most pro- 
bably, secondary because the first or the frontal lobe is by no means 
much larger than the succeeding lobes in the anaprotaspid. Further- 
more, any scar of an appandage was found in the specimens in the 
posterior part of the frontal lobe. 

In one of the other specimens of the protaspids it can be recogniz- 
ed that each of the succeeding three lobes has a pair of legs. The 
two pairs in one lobe seen in an anaprotaspid is an exception. There- 
fore it is a question whether the anterior pair of the two are really 
leg scars. In conclusion, it can be said that the glabella is quinqut- 
segmented primarily, but its frontal lobe becomes bisegmented secon- 
darily. 


6. From Meraspid to Holaspid 


- There is no complete shield in the middle meraspid stage, but 
commencing with the stage with nine or ten thoracic segments (3.5 
to 4 mm. in cephalic breadth), the morphic change can be seen almost 
continuously from late meraspid to holaspid by means of a large 
number of well preserved specimens. The youngest looks somewhat 
similar to the early meraspid in its broad cephalon and a relatively 
small post-cephalic shield. The meraspid in fig. 3, fig. 2, pl. V, pl. 
III, is however, so strongly deformed that the occipital margin has 
become straight. It may not be essentially different from the full 
grown form, if the secondary deformation is neglected. There are 
some notable changes through growth, but they are gradual, except 
that the intergenal spine which was found exceptionally on a meraspid 
with 12 thoracic segments (4 mm. in cephalic breadth, pl. III, fig. 4, 
pl, V, fig. 4). Among others more significant facts are the increase in 
the number of the thoracic segments and the disappearance of the 
axial spine. This species has 14 segments in the full grown thorax. 
It appears to have 15 segments, but the last one is the semi-anchylos- 
ed segment of the pygidium as mentioned later. Axial spines are 
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found on the occipital ring and on the fourth and eleventh axial 
rings of the thorax, instead of the ninth in R. intermedia. R. tdonea 
has the spine on the eleventh only. 

In addition, changes are noteworthy in the relative length of the 
cephalon to the post-cephalic shield and the proportional breadth of 
the axial ring to the thoracic segment which is in convenience 
measured on the fourth segment. 


Meraspid | Anah.' Mesoholaspid | Met aholaspid 


Axial spine on 4th 
Thoracic Segment 
probably disappears 


Occipital spine disappears 


S}UBUSES DI9eJOY] 40 JequiNy 


Cephalic Breadth 


Table 1. Growth of Redlichia chinensis from the meraspid to 
the holaspid stage 


When the dorsal shield measures 5.7 mm., 6 mm. or 9.9 mm. in . 
length or when the cephalic breadth measures 3.5 mm., 4 mm. or 6.7 
mm., the thorax possesses 9, 11 or 13 segments respectively. The 
meraspid stage lasts until the 13 segmented stage and 14 segments 
can be counted already when the dorsal shield (pl. III, fig. 8, pl. V, 
fig. 5) becomes 11.5 mm. in length or the cephalon becomes 7 mm. 
in breadth. 

As far as can be judged from the impressions, the axial spines 
are empty inside. Accordingly, on the internal mould it is difficult to 
say definitely whether there was no spine or whether the spine is 
not preserved. But it may be said that the spine on the fourth 
segment disappears generally in the stage when the dorsal shield 
attains about 10 mm. in length, if one can ignore a median tubercle 
which is seen only in a few specimens on the internal mould of the 
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segment in the still later stage of growth. The spine on the eleventh 
Segment remains until the full grown stage. The senior author once 
Suggested (KOBAYASHI, 1935) that the presence or absence of the axial 
spine possibly means the sexual dimorphism. Subsequently RESSER 
and ENpo (1937) took the difference for a specific distinction between 
R. murakamii and R. manchuriensis where the former is larger but 


Text-figure 3. Supposed dorsal (a) and lateral (b) views of rolled Redlichia 
chinensis. Brocken line in fig. a shows the extension of the posterjor 
shield on the ventral side. 
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has no spine on eleventh thoracic segment. The two species are now 

well ascertained to reveal different stages of growth of the same 

species. . 

It is more difficult to find out when the occipital spine disappears, 

. but at any rate it is present in the holaspid 9.3 mm. long (pl. I], fig. 
*6). The general tendency is for the axial ring to change from 
._ triangular in the young meraspid to annular in the grown holaspid. 

In summarizing these observations it may be concluded that the 
axial spines disappear from the occipital as well as the fourth thoracic 
segments during the growth stage in which the cephalic breadth is 9 
to 12 mm. Therefore, the holaspids of Redlichia chinensis may be 
classified into early and late stages with reference to loss of these 
spines in the middle stage. 

In connection with those spines it is noteworthy that, when the 
carapace of Redlichia chinensis in the late meraspid or early holaspid 
stage is rolled, the post-cephalic segments covers the carved part of 
the ventral side of the cephalon as far as the hypostoma, leaving the 
flat doublure (text-fig. 3). All the spines then project far back except 
the one on the eleventh segment which projects in front of the 
cephalon only for a short distance. This creature is thus much better 
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1AThoracic Segments, 


Cephalic breadth 70mm 
cephalic breadth11m™, ephalic brea 
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10 20 30 40 50mm 


Length of Thorax plus Pygidium 


Table 2. Change of the proportional length of the cephalon 
to the post-cephalic shield. 
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guarded by these defensive spines” against attack of an enemy from 
the rear, than from in front, the difference probably suggests some- 
thing concerning on the mode of life in the immature stage and on 
the biocoenosis of which Redlichia was a member. 


20 


14qhoracic Segments, 
cephalic breadth 7mm. 


Breadth of 4th Thoracic Segments inmm. 


Table 3. Change of the proportional breadth of the axial ring to thorax 
in the fourth segment. 


The proportional length of the cephalon to the post-cephalic 
shield is 1.3 to 1 in the early to late meraspid, but it is 1.25 to 0.5 
or even less, when the dorsal shield becomes longer than 12.7 mm. 
The elongation of the post-cephalic shield depends principally On the 
increasing number of the thoracic segments in the meraspid stage, 


1) In summarizing SATO’S and SHOJI’s studies, Dr. TAKI kindly informed the senior 
author of the use of the telson in the life of Limulus as follows :— 

a) When digging the sea bottom with its cephalothorax, it holds its carapace in 
thrusting the telson into mud. 

b) When it hops by contracting and extending its cabs in night, it holds its 
balance by the telson. / 

c) When the animal fell upside down, it gets up by the support of its telson. 

-d) The male appears to use its telson to charm the female at the pairing-time. 

The chief difference between the telson of Limulus and the spines of Redlichia liee in 
that the former is jointed with the abdomen and hence movable, while the latter is fixed 
on the dorsal shield and accordingly not so easily movable, although the thoracic segments 
are jointed and the thorax can be bent. Therefore it is a question how far the spines of 
Redlichia suit for these usages except defence. 

SATO R. (1930), Animals endemic to Okayama Prefecture etc. 

SHOJI K. (1932), Wonders of Animals (continued) Kwagaku-gaho, Sp. no. 
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but in the later when the number becomes constant, the segments of 
postcephalic shield increase in size more rapidly than does the cepha- 
lon. , 
Paralleling this transformation the axial lobe becomes broader as 
well exemplified in Isotelus gigas (RAYMOND, 1914). The proportional 
breadth between the axis and thorax measured on the fourth segment 
changes from one-third in the late meraspid to almost a half in the 
late holaspid stage. Thus, in the fourteen segmented stage, the axial 
ring increases not only in length but also in breadth. Such trans- 
formations naturally change the general outline of the dorsal shield 
greatly, though gradually, from obovate to subelliptical. 


7. Hypostoma and doublure 


The hypostoma of the holaspid has a swelling central body of 
long ovate or elliptical outline which is provided with several concen- 
tric or more or less transverse wrinkles. Behind it there is generally 
a crescentic depression and then an elevation of similar form. The 
body is surrounded by a narrow flat border which is thickened into a 
rim along the margin. There are three pairs of nodes or projections 
on the rim. 

In a small obliquely deformed hypostoma 
about 1.4 mm. as long as broad, these pro- 
jections are well developed (pl. I, fig. 15, 
text-fig. 4). There is a very deep anterior 
Sinuation between an anterior wing and a 
lateral spine. The lateral sinuation behind 

the spine is shallower. The margin between 
Text igure: 4: -sinall HYD the! posterior spines is distinctly incised at 
stoma, 1.4 mm. as long as ‘ 
broad. (See Pl.I,fig.15). their necks, but only gently arcuate between 
these incisions. 

Except for the antero-lateral wing the projections and sinuations 
are generally not so pronounced in large hypostomata. In one _illus- 
trated in fig. 7 on pl. II the projections are simple tiny spines and the 
margin is nearly straight. Thus the elongation of the hypostoma is 
significant. If the above mentioned hypostomata in the early meras- 
pid and the middle metaprotaspid (degree 3) are correctly interpreted, 
the morphic change is still more significant. It is quite probable that 
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the change causes the backward migration of the mouth through 
growth, as it is suggested as an evolutional trend by RAayMOND (1920). 


As shown in fig. 5 on pl. JI, the anterior part of the hypostoma 
is exposed in the exfoliated cleft of the dorsal shield. It extends for 
a short distance from the front of the glabella toward the eye ridge. 
In the depressed specimens a peculiar groove is seen in the same 
position, and sometimes an elevation comes out on its lateral sides by 
resistance of the hypostoma 
against deformation. The eye 
lobes thus modified look like 
that of Mesodema venulosa 
WHITEHOUSE, 1939, (PI. 19, 
fig. 1, text-fig. on p. 190): 
Therefore a further study is 
needed to determine whether 
this feature is a generic cha- 
racteristic which distinguishes 
Mesodema from Redlichia. 


The pronounced groove 
found in the same position on 
some depressed specimens 
(text-figs. 5 a-b), must be of 
secondary origin caused by a 
hypostoma and its frequent 
occurrence means rigid attach- 
ment of the hypostoma in the 
original position, even when 
the free cheek is detached 
from the cranidium. The 


_ Text-figure 5. Secondary lateral and groove is sometimes confluent 
axial preglabellar depressions. : if : ‘ 
fig. a x 25: fig. bx 8, 7. with its counter in forming 


ARSE a preglabellar axial groove 
like the median preglabellar 

groove in many agnostids, 
(KOBAYASHI, 1939) and also 


— 


Text-figure 6. Preglabellar median in Liostracina WaAtucotT. § It 


depression in Dolerolenus. Repro- : ; 
duction from BORNEMANN, 1891, is also sometimes found that 


fig: 17, pl. 20x2. the median groove is expanded 
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forward near the marginal groove where the two merge with each 
other (pl. II, fig. 3). A similar groove on Dolerolenus (BORNEMANN, 
1891, pl. 20, figs. 15-17, see text-fig. 6) suggests the similar structure 
on the ventral side. 


In the present collection no specimen shows the mode of the 
hypostomal attachment clearly. But as has been previously shown in 
Redlichia mansuyi from Hupei (KOBAYASHI, 1944, pl. VIII, fig. 9) 
there is, on the ventral side, a narrow crescentic depressed plate, 
inside of the median doublure, which is slightly broadened toward the 
middle part where the anterior margin of the hypostoma is attached. 
A similar plate is clearly seen to be attached to the median doublure 
in Redlichia chinensis (pl. Il, fig. 8). The plate corresponds to the 
so-called hypostoma support or attachment or rostral plate of some 
authors. It is fused with the doublure. It is by no means as long 
and narrow as the median support in Paedeumias transitans WALCOTT 
(1910, pl. 34, figs. 6 & 7). The median groove on the dorsal shield 
is located in juxtaposition to this attachment. 


In the dorso-ventrally depressed specimen shown in fig. 4 on pl. 
II the outline of the hypostoma is reflected on the dorsal shield With 
this specimen it can be recognized that the hypostoma extends far 
backward. Fortunately the hypostoma is exposed in the third speci- 
men in fig. 6 on pl. IJ, and it can be ascertained that its posterior 
pair of spines lie just on the pre-occipital furrow. In this specimen 
it is quite evident that the eye ridge corresponds to the anterior 
sinuation. The mouth must be located just behind it (see pl. V, fig. 
6). In front of the ridge there is the antennal pit. The first leg scar 
is indicated by the disjunction of the hypostomal rim behind the ridge. 
A similar scar of the second leg is found on the postero-lateral side 
of the lateral sinuation. The attachment of the third and fourth legs 


are shown by the similar callosities on the pre-occipital and occipital 
lobes. 


Finally a row of pits or tubercles are aligned along the inner 
margin of the frontal border. (See Mansuy, 1912, pl. Il, fig. 1f. 
Resser’ and ENpo, 1937, pl. 19, figs. 2 and 5, KoBayasut, 1944, 
pl. VIII, fig. 9). They cannot be seen on the dorsal view when the 
test is well preserved and not depressed, because they are the ventral 
structure. As shown on the specimen of Redlichia mansuyi mention- 
ed previously, the pits are aligned along the anterior margin of the 
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hypostomal support. Internally they are tubercles along the posterior 
margin of the doublure proper as seen in a specimen of Redlichia 
chinensis in fig. 8 on pl. Il. The thin film on the cheek of this 
specimen is likely to be the vestige of. the ventral membrane rather 
than the dorsal carapace. Incidentally a row of pits are known to 
exist in Wanneria walcottanus (WANNER) (WALCOTT, 1910, pl. 39, 
fig. 6). They may be the nerve endings, or intestinal diver- 
ticulae. 

Subparallel irregular lines on the doublure of the free cheek are 
bifurcating at the genal angle; the inside of the genal spine is empty. 
The lines are curved and subvertical on the falcate portion of the 
thoracic pleura. The doublure of the thoracic pleura becomes wide 
posteriorly till it covers almost wholly the semi-anchylosed anterior 
pleura of the pygidium. The ventral side of the pygidium behind 
this segment is as yet unknown, but may be covered by the doublure 
widely, because it is seen in a distorted specimen of Wanneria 
walcottanus (WALCOTT, 1910, pl. 30, fig. 8). 


8. The Segmentation of the Pygidium and Migration 
of the Semi-anchylosed anterior segment of the 
Pygidium into the Thorax. 


In the full grown stage Redlichia chinensis appears to have fifteen 
thoracic segments, but precise observation testifies that the fifteenth 
belongs to the pygidium. In some well preserved specimens it can be 
readily ascertained that the fifteenth thoracic segment is semi-ancny- 
losed. More precisely, the fifteenth axial ring is provided with an 
articulating half-ring in front, and is completely fused with the 
sixteenth ring. Detached inside by a deep cleft, the corresponding 
pleura is however, free. When exfoliated, it can be seen to be cover- 
ed by a doublure, if not completely, almost in its whole length. The 
thoracic pleurae are all falcate and the falcation becomes larger 
po-teriorly. This enlargement is especially abrupt in the posterior 
part and none of the segments has such an extraordinarily prolonged 
lateral spine as in one or two anterior segments in R. intermedia in 
a certain stage of growth (Lu, 1940, pl. 1, figs. 3, 6). Because the 
falcate part has the doublure, it is stronger than the inner part of 
the pleura. The proportional breadth of the doublure to the pleura 
increases in the posterior segments, till it covers the pleura almost 
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completely in the semi-anchylosed anterior segment of the pygidium 
(text-fig. 8). 


The pygidum proper behind the semi-anchylosed segment is sub- 
quadrate, but expanded laterally (text-fig. 7). It has a broad axial 
-lobe rounded behind and divided into two rings and a terminal lobe 
which is long enough to involve two rings. On the exfoliated surface 
there are at least two pairs of appendifer pits on the lateral sides of 
the axial lobe. A second pleural furrow is much weaker than the 
first, but the second pluera ends at a short spine. The latter is 
completely fused with the flat pleural band surrounding the terminal 
lobe. It is unfurrowed and its margin appears generally entire and 
broadly arcuate. Though very obscure, one more pair of tiny spines 
appear to be present on the poste- 
rior margin inside of the second 
pleural spine (See pl. II, fig. 13). 

It can definitely be said that 
the first segment of the pygidium is 
is semi-anchylosed and the axial 
* lobe behind it consists of a ring 
Text-figure 7. Pygidium with the and a terminal lobe. The decision 

or ey iased cee ae as to whether or not this terminal 
lobe is again bi-segmented inter- 
nally, is left for future study. 


In the immature forms it is 
generally difficult-to make exact 
observations on the rear part of 
the shield. In the specimen in fig. 
9 on pl. II (4 mm. in cephalic 
breadth) there appear to be an axial 
ring and a terminal lobe behind the 
spiniferous eleventh thoracic seg- 
ment. The axial rings are distinctly 
elevated above the narrow pleurae 
two of which form spines. Whether 

, the twelfth segment belongs to the 

RHEE US ita riety omer coum ae thorax or the pygidium is difficult 
shield showing the increasing breadth 

of the doublure in propertion to say, but it is certain that there 

to that of the pleura. are two rings (13th and 14th) 
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between that ring and the terminal lobe on the pygidium and the 
anterior pleura (12th) appears to be produced back into a spine. 
Therefore this form may be taken for the meraspid, degree 11. 

A meraspid with 13 thoracic segments (7 mm. in cephalic breadth) 
has two free pleurae behind the spiniferous 11th segment, although 
the rest of the pygidium cannot be clearly seen (pl. IJ, fig. 10). 

In a holaspid (9.3 mm. long and ca 7.5 mm. in cephalic breadth 
pl. Il, fig. 6, pl. III, fig. 6) the fifteenth axial ring is clearly fused, 
but the pleura is free and medially grooved. The 16th pleura is 
depreszed and ends in a tiny spine (pl. II, fig. 11). The outline of 
the axial lobe behind the fifteenth axial ring is well seen in another 
holaspid (11 mm. in cephalic breadth, pl. JI, fig. 12). The 16th pleura 
is grooved and ends in a tiny spine in still another (18 mm. in 
cephalic breadth, pl. IJ, fig. 13) and there is another projection on the 
inner side of the posterior margin. Although the occipital spine is 
present in the first, it is absent in the two other holaspids. 

Paying special attention to the spiniferous segment on the thorax, 
STUBBLEFIELD (1926) has clearly illustrated that in the ontogeny of 
Shumardia pusilla, the number of the thoracic segments increases 
successively by the addition of a new segment in front of the pygi- 
dium. But in study of the series of S. pusilla it was indecisive as to 
whether the growth zone was located, in the anterior margin or in 
the posterior part of the pygidium. 

In Redlichia chinensis the migration of the segment from pygidium 
to thorax takes place in two steps, more precisely, by separation of 
the pleural part at first, followed by that of the axial part. After 
the anterior segment of the pygidium is transferred, however, the 
new pygidium reveals the same aspect as before. Therefore a new 
segment must have been added in the pygidium simultaneously with 
the separation. The real addition of a new segment must have taken 
place either in front of or within the terminal lobe, in the part of 
which corresponds to the anal segment of the annelids. 

The production of a new segment in a trilobite and the addition 
of a new segment to its thorax are two different phenomena. The 
former is the metamerism which took place in the growth zone in the 
posterior part of the pygidium, while the latter, here called poly- 
merism, occurs in the migration zone in its anterior where the anter- 
ior segment is transferred from the pygidium into the thorax in one 
or two Steps. 
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9. Metamorphosis and ontogentical transformation 
apparently reverse to the phylogenetical one.. 


An anaprotaspid stage and three metaprotaspid stages in addition 
to three substages in the middle metaprotaspid stage can be distingui- 
shed in the present collection of MRedlichia chinensis. Therefore, 
assuming that every new stage begins after ecdysis, moulting must 
have been repeated three times before the trilobite became a meraspid 
after hatched. Three substages suggest that two more moultings 
should possibly be added. Increase of the thoracic segments from 3 
to 14 in the later stages indicates that ecdysis must have taken place 
for 11 times before this species attained the early holaspid stage. 
Two more times of ecdysis may be added, to account for the loss of 
the occipital and the 4th axial spines. The holaspid then is still less 
than 15 mm. in length. Therefore it is quite certain that the moult- 
ing was repeated several times before the carapace attains in length 
of 15 cm. This means that more than 20 carapaces may be left at 
the place of ecdysis after the death of an individual trilobite, accepting 
20 as the approximate number of ecdysis. 


In Redlichia chinensis the metamorphosis through ecdysis is most 
remarkable between the protaspid and meraspid stages and that 
between the ana- and meta-protaspids stages is the next. The morphic 
transformation is fairly gradual from early meraspid to late holaspid 
and there is no. aberrant form comparable with Hydonocephalus in 
Paradoxides or a certain meraspid of Leptoplastus. Disappearance of 
the spines on the occipital and the 11th thoracic segment in the early 
holaspid or late meraspid stage is also more or less remarkable, 


Among various biocharacters some are constant but others 
changeable through growth. Segmentation of the pygidium and the 
lobation of the glabella are, for example, very persistent. On’the 
other hand the changes of the glabellar outline and course of the 
facial suture are very significant. The glabella in the protaspid and 
early meraspid stages is conical but expanded forward and its frontal 
lobe is particularly well developed in the protaspid. Later it expands 
back through the subcylindrical outline: This change ‘is quite reverse 
to that commonly met with in the phylogenetical series. SWINNERTON 
(1923) and others have noted the forward expansion of the glabella as 
an evolutional trend of Trilobita. But the swellings in the phylogene- 
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tically late stage and in the ontogenetically early stages are different: 
In the larval forms, if strong swelling is found, it is generally confined 
to the frontal lobe of the glabella, while in the specialized forms it is 
frequently found in the anterior part of the glabella and further the 
middle part is occasionally constricted, the aspect never seen among 
the protaspids. 


Age Moulting | Length of Carapace in mm. 
1 1 (Trilobite stage) (6 
oO | 2 | 12, 
iB] 
3 2 3 {17 
OQ — _ = sa¥e 
© 4 | 28 
| 5 43 
3 i, Rive Pog cyt Oe. 
fe 53 
| 7 78 
4A ee p= Te a . : cet 2 ist Be 
| 8 jy 
| 9 137 
5 sD ee 
| 10 Piz. 
ee ee —— | 
6 ee be | 213 
7 12 | 255 
Ss | ae Soe ee - cs ae 7 ar 
‘aay Pog 13 286 
i509 | el ¥: J lies 
& hase : 
& 9 | 14 | 360 
/ 10 15 393 
tt 16 443 
12 17 485 
13 | 18 | 585 
meet 670 9 
| 14 19 (maturity ) i aes 3 a 
| 540 3 


Incidentally Dr. TAKI called the attention to the senior author on 
U. ASANO’s report on the moulting of Limulus tridentatus as tabulated 


above. 
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How long does it live after its sexual maturity is unknown. 
Assuming that Redlichia moulted in the similar way as Limulus, the 
former is thought to moult 6 or 7 times to attain the length of 15 
cm. after 15 mm. It took three and half years. The carapace of 
Redlichia, 6 mm. long, is in the meraspid stage. Therefore a long 
history of development is attached to Redlichia to get the same size 
as Limulus in the trilobite stage. In other words the early ontogene- 
tical development as seen in Redlichia may be accelarated (tachyge- 
nesis) or omitted (ipopalingenesis) in Limulus. 

The transverse anterior branch of the facial suture is one of the 
most significant characteristics for Redlichia chinensis, but it is nearly 
longitudinal at first, and gradually migretes backward through early 
and middle meraspid stages. The same trend of transformation can 
also be seen in R. intermedia in which the sutures are subparallel 
to each other at first and later become divergent. 


In North Korea SAITO (1934) distinguished 4 Redlichia zones in 
the Lower Cambrian formation. FR. chinensis in the lower three zones 
and FR. cfr. walcotti in the top zone have the transversal sutures, but 
R. nobilis in the lowest zone has the facial sutures divergent with an 
angle of 75° with the axis, R. coreanica in the next zone has the 
angle of 45° and R. nakamurai in the third zone for which Neoredli- 
chia was established by him, has the angle of 20°. Thus the change 
which is seen successively from R. nobilis to Neoredlichia nakamurai 
through R. coreanica is just reverse to that of Redlichia chinensis 
and in FR. intermedia during growth. 


The forward shifting of the anterior facial suture means the 
diminution of the median doublure, or the rostral plate, till it dies 
out when the lateral doublures join along the sagittal suture. It is 
well known in the Asaphidae that the facial suture shifts further 
inward from the niobiform to the isoteliform. Moreover the sagittal 
suture is absent in the Phacopidae and a few others. 


In one group the anterior branch of the facial suture is movable 
but in another the posterior branch is movable. The proparian is 
more developed than the opisthoparian, because the proparian suture 
appears in Jujuyaspis which is a later member of the Olenidae which 
are all opisthoparian except that genus (KOBAYASHI, 1936). In Peltura 
scaraboeoides, a member of the same family, the facial suture is 
proparian in the larval stage (POULSEN, 1923) the course of which is 
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similar to the presumed incipient suture in the protaspids of Redlichia 
chinensis. 


Because most protaspids have no suture on the dorsal shield, the 
Suture may be, if present, either marginal or ventral originally. It is 
most probable that the suture rises up on the dorsal side. The eye 
ridge comes out between the free cheek and the fixed cheek. The 
facial suture is at this time probably closed, but becomes open in a 
certain meraspid stage in Peltura scaraboeoides. If it opens in a 
still later stage, it is opisthoparian, because it is the general tendency 
for the free cheek to expand backwards through the larval stages. 


When the posterior branch of the facial suture shifts forward, it 
changes from opisthoparian to proparian. Therefore the facial suture 
must be one of the important criteria for classification. The Proparia, 
however, as KOBAYASHI (1935) has emphasized, is polyphyletic. If 
one accepts the grouping of the Eodiscidae with Burlingidae, instead 
of with the other hypoparian eodiscidians and agnostidians, the 
Proparia would be a heterogeneous aggregate. Therefore unfortuna- 
tely the senior author cannot accept BEECHER’S classification or its 
modified forms by ST#RMER and others. 


Although more studies, phylogenetical and ontogenetical, will later 
be done on the suture, it can be said now that the suture appears to 
rise up from the antero-lateral side on the dorsal shield in the larval 
stage, and to shift back as the free cheek grows. In the phylogeneti- 
cal series the shifting of the facial suture is very complicated. The 
mode of its shifting is not exactly opposite between the ontogeny and 
phylogeny. 

Finally, it is generally accepted among the trilobite students that 
reduction in the number of the thoracic segments is an evolutional 
trend, and that the thoracic segments become more numerous through 
growth. Therefore, the decrease and increase in the number of the 
thoracic segments are just reverse ontogenetially and phylogenetically. 
In the ontogeny however, the metamerism takes place in the growth 
zone in the posterior part of the pygidium and the polymerism occurs 
in’ the migration zone in its anterior. If polymerism ceases before 
the cessation of the metamerism, the pygidium becomes larger and 
multisegmented. Therefore the polymeric and micropygous trilobites 
are generally more primitive than the miomeric and macropygous ones 
in the same evolutional line. Probably due to phyletic senescence, 
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however, metamerism also ceases in the earlier growth stage in the 
latter part of the evolutional line, with the result that the total num- 
ber of the post-cephalic segments become smaller. Thus the poly- 
merism is not actually an antonym of miomerism as it sounds. 

With reference to Redlichia and some other trilobites it may be 
concluded that ontogeny does not always repeat phylogeny. Trends 
of the transformation in the two kinds appear to be opposite, but even 
in this case the phylogenetical trend is not actually reverse to the onto- 
genetical one. The Redlichidae, Dolerolenidae, Olenellidae, Lancastridae, 
Paradoxidae and Burligidae, all micropygous and multisegmented in 
the thorax, are morphologically primitive. At the same time the first 
four families are geologically archaic. However, Bonnia and _ several 
other polymeric trilobites in the Lower Cambrian have relatively 
large pygidia. In the Lower Cambrian period eodiscids were common, 
but agnostids were as yet uncommon and developed greatly in the 
Middle Cambrian and later. The eodiscidians on the other hand die 
out at the end of the Middle Cambrian. It is quite reasonable to 
state that the eodiscidians form a more primitive group and the 
agnostians a more developed group in the Agnostida. As shown by 
KOBAYASHI (1944), there is a fairly great difference between the 
Agnostida and the other trilobite groups, but the Agnostida and 
notably the eodiscidians are not essentially different from other trilobi- 
tes in the principal configuration of the carapace. Therefore the 
Trilobita must be monophyletic. But there were several trilobite 
stocks in the Lower Cambrian. Their branching is prepalaeontological 
or it is before the palaeontoligical records remain and in this sense 
Trilobita are said to be polyphyletic. 


10. Notes on the Taxonomy and Phylogeny 


' Selecting the specimens of detached carapaces in figs. 1la-d on 
pl. 7 in WALCoTT, 1913, for the types of Redlichia chinensis, RESSER 
and ENpbo instituted Redlichia manchuriensis and R. murakamii in 
1937, but the distinction among these species is very obscure. Al- 
though WALCoTT’s specimens from Changhia in Shantung retaining 
the convexity of the carapace, are not much deformed, the two others 
from the type locality of Sanshihlipu are represented by distorted 
specimens. Accordingly, some differences in the course of the facia] 
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suture and the proportional dimension of the glabella to the preglabel- 
lar area are easily expectable. The pits and striation on the border 
are, as already described in detail, evidently images reflected from the 
ventral side. R. murakamii is larger than R. manchuriensis. The 
former has an axial spine on the fourth thoracic segment, but not in 
the latter, because they are different in growth stage. As the result 
of study of a large number of specimens it is now well ascertained that 
ReSSER and ENpo’s two species are synonyma of FR. chinensis, although 
further taxonomic discussion is deferred to some other occasion. 


Not only are the protaspids of R. chinensis similar to those of 
Redlichia described by Lu and RICHTER, but also similarities can be 
recognized between FR. chinensis and R. intermedia in the meraspid 
cephala. Therefore their characteristics are thought to have phylo- 
genetical value. The appearance is quite distinct from that of any 
protaspid of the Olenellidae, but very similar to those of Dolerolenus. 


Not only in the larval form but also in the adult shield the two 
genera agree in many aspects. Dolerolenus has 14 or 15 segments in 
its thorax; namely 14 or 15 in Olenus zoppi MENEGH., 1882, 15 in 
Conocephalites bornemanni MENEGH., 1881, Olenus microroides BorR- 
NEMANN, 1891, and Olenopsis longispinatus BORNEMANN, 1891. In 
Olenopsis longispicatus, the fifteenth segment is much elongated in its 
pleurae as in FR. intermedia. 


Among the hypostomata 
referred to Olenopsis by Bor- y ! 
NEMANN, 1891, the one in fig. Ee j 
36 on pl. 35 has an outline 
similar to that of Redlchia 
chinensis. The crescentic ele- 


vation is more distinctly Text-figures 9a— c. Hypostomata and 
shown in the other specimen Pygidium of Dolerolenus (= Olenopsis). 
: ‘a: fig. 18, pl. 36, BORNEMANN, 1891. 
in fig. 37 no the same plate. Sw ee entire nan 
The preglabellar axial depres- Ge es 87. pl 35. ditto. 


sion is seen in many cranidia 

of Olenopsis (figs. 17, 16, 15 etc. in BORNEMANN, 1891), suggesting 
a similar configuration and disposition of the hypostoma and _ its 
attachment to the doublure. The pygidium of Olenopsis sp. in fig. 
18 on pl. 36 in BORNEMANN, has an axial ring and a large terminal 
lobe which are bordered by a flat brim, broader than that in Redh- 
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chia chinensis. The lateral extremities of the straight posterior 
margin are formed into a tiny spine. The aspect of this pygidium is 
similar to that of R. chinensis minus the semi-anchylosed segment. 

Except for the oblique margin between the genal and intergenal 
spines in Redlichia, none of the differences is very essential. There- 
fore the senior author believes that the Redlichidae are much closer 
to the Dolerolenidae than to the Olenellidae, although WALcoTT (1910) 
concluded that “The immediate descents of the family (Olenellidae) 
are probably Paradoxides about the Atlantic Basin, and Redlichia in 
Eastern Asia, northern India and Australia.” In Redlchia (Redi- 
cops) blanckenhorni RICHTER from Dead Sea the lateral occipital 
margin is short and not very oblique and the anterior sutures are 
divergent. On these accounts Dolerolenus is closer to Redlicops than 
to Redlichia s. str. In this connection HupE and ABADIE’S recent dis- 
covery of Neoredlichia together with Daninaspis (= Yunnanocephalus ?) 
in the Lower Cambrian formation below the Archaeocyathid limestone 
in Morac is of great interest. It suggests the solution of fundamental 
problems, geological and palaeontological, lying between the Redlichian 
and non-Redlichian provinces to be expectable with future research in 
the Mediterranean region. 

Redhichia is, at any rate, the most primitive trilobite in the 
Redlichian province and its protaspid is morphologically more primi- 
tive than those of the Olenellidae, judging by the less differentiated 
cephalic segmentation. 


11. Summary and Conclusion 


1. The anaprotaspid and several metaprotaspids of Redlichia 
chinensis are all less than 1 mm. in length and are obovate to sub- 
elliptical in outline. The protopygidium cannot be seen in the anapro- 
taspid. The transitory pygidium of the metaprotaspid is bi-segmented 
in the early stage, but quadri-segmented in the later. During the 
tri-segmented stage the pleurae appear to project into spines from the 
anterior pairs, by means of which three substages may be distinguish- 
ed. Judging from the difference of inclination between the cephalon 
and transitory pygidium the two parts were flexible along their junc- 
tion. 


2. The cephalon of the protaspid is quinqui-segmented, not only 
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on the glabella but also on the cheeks, by transverse furrows and is 
surrounded by a marginal rim. The glabella always narrows toward 
the base and in the metaprotaspid the frontal lobe appears somewhat 
more expanded than the others. The antero-lateral ridge on the 
marginal rim and the anterior tangue of the rim suggests the course 
of the incipient facial suture. 


Internally, the heart and the attachments of the antenna and no 
less than three legs are present as seen in one or other specimen. 

3. Three entire early metaspids beside several detached cephala 
in the similar stage show that the glabellar outline changes from 
subcylindrical to terete conical, expanding backward. At the same 
time the facial sutures at first divergent in the anterior to the eyes, 
become transversal later. 


4. The youngest meraspid has a tri-segmented thorax with a 
pair of antennal scars in front of the eye-ridge and a nerve cord (?) 
extending behind from its center. The hypostoma (?) behind the eye 
ridges apparently has a crenulated margin. A narrow tube thought 
to be the heart runs along the axis. A pair of circular impressions 
on both sides of the tube behind the eye ridges may be the scars of 
the stomach muscles. Not only in this specimen but also in some 
meraspid cranidia the frontal lobe is bi-segmented secondarily. The 
anterior lobe is antennal and the posterior one ocular. 


5. Holaspids of Reduchia chinensis are always 14 segments in 
in the thorax. The youngest is 11.5 mm. long, while the full grown 
one may be about 15 cm. long. 

6. The morphic change from the meraspid to the holaspid stage 
is gradual. Beside the glabellar outline and the course of the facial 
suture above noted, there are some transformations. At first the 
cephalon is almost as long as the post-cephalic shield, but later the 
latter becomes twice as long as the former. The change takes place 
in the meraspid stage mostly by the increase in the number of the 
thoracic segments and in the holaspid state by the increase in size of 
the post-cephalic segments. Jn consequence, the outline of the dorsal 
shield changes from obovate to subelliptical. Furthermore the axial 
lobe once narrower than the pleural one, becomes almost as broad as 
the pleural lobe. 

7. An inconspicuous intergenal spine is seen only in a few 
meraspids. There are three axial spines among which the occipital 
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spine and the one on the fourth thoracic segment disappear sometime 
in the late meraspid or the early holaspid stage, and only the axial 
spine on the eleventh thoracic segment remains until the full grown 
stage. The occipital ring is generally triangular in the meraspid but 
annular in the holaspid. 
Among these spines the one on the fourth thoracic segment of 
the thorax is extraordinarily long in the middle meraspid stage as it 
exceeds the length of the dorsal shield. The shield then is very 
similar to Limulus in outline. Although this spine is not movable as 
is the telson of Limulus, it must have been a powerful defensive 
organ. 

8. There are a row of pits along the posterior margin of the 
doublure where the intestinal diverticula or the nerve ending are 
thought to have reached. Behind this row there is a depressed hypos- 
tomal support with a crescentic outline. The hypostoma appears to 
elongate its outline through growth. It is especially noteworthy that the 
sinuations become shallow. In the grown stage the hypostoma extends 
as far back as the preoccipital furrow. The eye ridge issues from the 
point corresponding to the middle of the anterior sinuation. An anten- 
nal pit is found in front of it, and the first leg springs out just behind 
it. The second leg occupies the side of the lateral sinuation. 

9. The fifteenth segment of the post-cephalic shield has free 
pleurae, but as its axial ring is fused with the succeeding one, it is 
semi-anchylosed anterior segment of the pygidium. The next axial 
ring is similar to the preceding, but its corresponding pleura is com- 
pletely fused with the rest of the pygidium and produced behind into 
a short spine. The terminal lobe of the axis is large enough to involve 
two segments internally. 

As the result of the study of the segments behind the spiniferous 
eleventh of the thorax it is found that the polymerism took place in 
Redlichia chinensis, at first by the separation of the anterior pleura 
followed by that of the axial ring. After the migration of this seg- 
ment into the thorax the pygidium is the same as before. Therefore 
metamerism must have taken place in this interval within the pygidium. 
Therefore it is presumed that the growth zone is located within termi- 
nal lobe, posterior half of which is thought to correspond to the anal 
segment of the annelid. 

10. In the series of the specimens it can be recognized that 
Redhichia chinensis, after hatching rep2ats moulting at least 15 times 
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before it attains an early holaspid, 1 cm. long. The early holaspid 
with an axial spine only on the eleventh segment is less than 1.5 mm. 
in length. It is quite certain that the moutling was further repeated 
many times before its carapace becomes more than ten times longer in 
the full grown stage. 

Metamorphosis through moulting is most remarkable between the 
protaspid and meraspid. That between the ana- and meta-protaspid 
is the next most remarkable. The transformation from the early 
meraspid to the late holaspid stage is very gradual, although disap- 
pearance of the occipital spine and the spine of the fourth thoracic 
segment in the transition between the meraspid and holaspid stages is 
somewhat notable. 

11. Centain transformations, like the increasing breadth of the 
axial lobe, are parallel between the ontogenetical and phylogenetical 
Series, but there are some others which appear to be opposite between 
the two series. 

Increase and decrease in the number of the thoracic segments in 
the ontogenetical and phylogenetical series respectively is an example 
of the latter kind. But polymerism and miomerism are not acutually 
antonymous to each other as they sound, if one consider how polym- 
erism and miomerism take place. While metamerism occurs in the 
growth zone, polymerism does in the migration zone. Therefore 
miomerism means the cessation of the migration of the segment from 
the pygidium to the thorax. The cessation of metamerism probably 
due to the phyletic senescence, reduces the total number of segments. 

The anterior expansion of the glabella, which is seen in the early 
ontogenetical as well as in the late phylogenetical stage, provides 
another example. But the expansion in the larval stage is always 
restricted to the frontal lobe, while it occurs in the anterior part in 
the phyletic specialization, and the glabella happens to be constricted 
behind the expansion. The aspect is never seen in the larval forms. 

In Redlichia chinensis, as well as in R. intermedia, the anterior 
facial suture shifts backwards through growth, SAITO on the other 
hand has shown a forward shift among FR. nobilis, R. coreanica and 
Neoredlichia nakamurai. 

In accordance with such a migration of the suture the median 
doublure or rostral plate diminishes its size until the lateral doublures 
join along the sagittal suture, where they fuse if the suture migrates 
farther inward on the dorsal side. If the posterior branch of the facial 
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suture migrates forwards, the suture changes from the opisthoparian 
to the proparian type. Migration of the two branches does not occur 
more or less alternately in phylegenetical Series. In the Asaphidae and 
many other families the posterior branch is stable but the anterior one 
is more stable than the posterior in the Olenidae in which proparian 
Jujuyaspis appears in the late phyletic stage. 

Ontogenetically the incipient suture is marginal or ventral, but 
later it shifts to the dorsal surface from the antero-lateral side of the 
cephalon when the eye ridge and free cheek migrate. Therefore, if 
the suture becomes open early, it is proparian, but it is opisthoparian 
if it opens later. 

Thes recapitulation is not always maintained very strictly. Phylo- 
geny appears even opposite to ontogeny in mode of transformation, 
but if the trends are examined more closely, it is found that they are 
not exaetly opposed. 

12. Through this study it was found that Redlichia manchuriensis 
and R. murakamii was named for the ‘early and late holaspia of 
Redlichia chinensis respectively. The larval form of the species is 
not essentially different from that of R. intermedia. The protaspid of 
Redlichia is, however, quite different from, and less specialized than, 
any of the Olenellidae. It is similar to Dolerolenus not only in the 
appearance of the protaspid but also in the hypostoma, number of 
thoracic segments, general outline of the pygidium. Morphic resem- 
blances suggest that their phyletic relationship is very intimate. 

With the find of Neovedlichia in Morac below the archaeocyathid 
limestone, the Mediterranean region, became a promising field for 
solving the fundamental problem of the Redlichian and Non-Redlichian 
provinces. 


12. Appendices 


A) Note on the associated fauna. 


In a slab from Sanshihlipu Odolella lunaris Saito (pl. Ill, fig. 14) 
are crowded. A new form of Bradorinida described below was found 
in another from the same locality. Beside them there are several 
specimens of Cheiruroides priminenes (Saivo) (pl. II, figs. 10-13) 
from Chiulichuan with which it is ascertained that Atops orientalis 
RESSER and ENpbo, MS., Cheivuroides orientalis KOBAYASHI, 1935, and 
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Cheruroides orientalis RESSER and ENDO, 1937, are synonyma of Arth- 
ricocephalites primigeneus SAITO, 1934. Jt has throracic segments 
no less than 14, instead of 10 as mentioned by ReEssER and ENDo. 
Sinolenus trapeloidalis KOBAYASHI, 1944,- looks somewhat similar to 
this species, but the difference of the glabellar outline and the course 
of the facial suture easily distinguish them. 


B) Description of Alutella 
Genus Alutella KOBAYASHI and KATO, gen. nov. 


Diagnosis :—Bradorinida (or probably Beyrichonidae) with sub- 
triangularly ovate valves strongly convex, not gapped, and has a 
distinct anterior as well as main elevations and a thick border on the 
internal mould. 

Type :-—Alutella nakamurai KOBAYASHI and KATO, new species. 

Dstribtuion :—Lower and Middle (? ) Cambrian. 


Alutella nakamurai KOBAYASHI and KATO, new species. 
Plate III, figure 15. 


Description :—Valve convex, subovate, a little higher than half the 
length, most expanded at the point one-third the length from the 
posterior end which lies at about two-thirds the height ; dorsal margin 
corresponding to two-thirds the length of the valve and straight, along 
which the valve is in contact with its counter and from which the 
anterior margin is curving down more abruptly than the posterior 
marsin; antero-ventral margin broadly arcuate and the postero-ventral 
well rounded. On the internal mould the marginal border is relatively 
thick, flat or even concave and surrounding the swelling part all 
around except on the dorsal side; anterior elevation prominent, cres- 
centic, lying below the anterior end of the dorsal margin; a sub- 
triangular area just behind it distinctly excavated; behind it the 
subelliptical main body swelling up higher, the median ridge being 
arcuate with the convexity on the ventral side. 

Measurement :—The valve is 5mm. long, 2.7mm. high and about 
1mm. thick; its dorsal margin is about 3 mm. long. 

Comparison :—The depression on the antero-dorsal side reminds 
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one of Beyrichonia, but it is incomparably well defined by a prominent 
anterior elevation clearly detached from the main swelling body. The 
outline of the valve is neither so triangular nor so high as usual in 
Beyrichonia. 

Although it is somewhat similar to Aluta, the presence of such a 
cresentic elevation and the absence of the tiny anteroventral node 
prevent its reference to Aluta. In the separation of the anterior and 
main elevations, it is more allied to Leperditia primordialis LINNARSSON 
and also also L.tvoyensis ForD both of which are tentatively referred 
to Aluta by ULRICH and BASSLER (1931). They are, however, evidently 
distinct specifically, since LINNARSSON’s has a large process produced 
antero-ventrally, while the anterior elevation is separated from the 
rest by a sinuation on the antero-ventral, instead of the dersal side in 
this species. The two species may belong to still different unnamed 
genera, ‘but seem to be more allied in certain respects to this than to 
Aluta sen. str. 

Occurrence :—Lower Cambrian Sanshihlipu stage, near Sanshihlipu 
station, Liaotung, South Manchuria. 


Postscript 


A Protaspids of Ordovicien Menoparia genalunata Ross and/or 
Scinocephalus solitecti Ross have the facial sutures which are not essentially 
different from those of meraspid and holaspid stages probably due to 
tachygenetic encroachment of the early ontogentical stage of suture develop- 
ment, because the suture is unknown in any protaspid of Cambrian trilo- 
bites. (Ross, 1951). 
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Plate I 


Explanation of Plate I 
Redlichia chinensis WALCOTT 


Figure 1, Early metaprotaspid, 0.64mm. long and O. 63mm. broad. x 25.3. (See 
Ply Weciised, PlelV. fig.<2) 

Figure 2. Middle metaprotaspid (No. 1), 0.75mm. as long as broad. x 25.3, 

Figure 3. Middle metaprotaspid (No. 5), 0.75mm. long and 0.67mm. broad. 25.3 
(SeePI. IV. fig. 3) 

Figure 4 Middle metaprotaspid (No. 2) 0.8mm. long and 0.7 mm. broad, Retouched 
by Suzuki. Internal mould. x 25.3. (See Pl. IV. fig. 4) 

Figure 5. Late metaprotaspid, laterally compressed. x 25.3. (See Pl. IV. fiz. 11) 

Figure 6. Meraspid with three thoracic segments, 1.66mm. long and 1.85 mm. broad. 
Retouched hy the senior author to show the relief of the glabellar part. Internal 
mould. x 25.3.> (See Text. fig. 2) 


Figure 7. Ditto. External mould. x 25.3 (See Text-figs. 2a-b) 

Figure 8. Merashid with five thoracic segments, 2.6mm. long and 2.5mm. broad 
oes 

Figure 9. Meraspid with five or more thoracic segments, dismenbered and laterally 
compressed. x18. (See Pl. V, fig. 1) 

Figure 10.. Meraspid cranidium (No. 1), 9mm. long and 1.2 mm, broad peneeen the 
preglabellar ridges. Frontal lobe bilobed. x 25.3. 

Figure 11. Meraspid cranidium (No. 2), 1.3mm. long and 1.2mm. broad through the 
preglabellar area. Frontal lobe bilobed. 25,3. 

Figure 12. Meraspid cephalon (No. 4), less than 1.2mm. long, showing the intergenal 
spine. X8.7. 

Figure 13. Meraspid cranidium (No. 5), 1.7mm. long and broad between the eye 
ridges, showing the occipital spine x8.7. 

Figure 14. Meraspid cranidium (No. 6), 3.6mm. long and 3.4mm. broad, showing 
the brocken scar of the occipital spine. x87. 

Figure 15. Small hypostoma, 1.4mm. as long as broad. x 14.7. (See Text-fig. 4) 

Figure 16. Pygidium and posterior thoracic segments. x4. (Coll. Geol. Inst. Univ. 
of Tokyo). 


CAIl the specimens except one in fig. 16 are stored in the 
Geol. Inst., Kyoto University] 


Jour. Fac. Sci., Univ. Tokyo, Sec. II, Vol. VII, Pt. a Piet; 
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Explanation of Plate II 
Redlichia chinensis WALCOTT _ 


Figure 1. Earl metaprotaspid, 0.64mm. long and 0.63 mm. broad, showing a longi- 
tudinal groove and a pair of tubercles on both sides of it on the axial lobe. x 62. 
(See Pl: I, fig. 1, Pl. 1V, fig. 2) 

Figure 2. Dorsal shield with an axial spine each on the occipital ring and the fourth 
and eleventh thoracic segments. x 5.9 

Figure 3. Cranidium 3.6mm. long and 5.3mm. broad, showing the secondary pre- 
glabellar groove. x 6.6 

Figure 4. Cranidium 4.1mm. as long as broad, showing the outline of the hypostoma 
which is reflected on the dorsal side by the secondary depression. x 5.9 

Figure 5. Dorsal shield showing the anterior part of the hypostoma which is ex- 
posed through the exfoliated cleft of the shield. x 5.9 

Figure 6. Dorsal shield showing the hypostoma exposed on the dorsal side of the 
cephalon through exfoliation of the carapace. x9.8 

Figure 7. Mature hypostoma, 8mm. long and 4.3mm. broae. x 5.9 

Figure 8. Internal mould of a part of the cephalon showing a row of pits (tubercles 
on the specimen) along the posterior margin of the doublure. x 5.9. 

Figure 9. Posterior part of the dorsal shield (4mm. in cephalic breadth) with 19 or 
11 thoracic segments. x 9.8 

Figure 10. Posterior part of the dorsal shield (ca 7mm. in cephalic breadth) with 
13 (2) thoracic segments. x 9.8 

Figure 11. Posterior port of the dorsal shield with 14 thoracic segmets. x9.8. (See 
pl. IIl, fig. 6) 

Figure 12. Posterior part of a holaspid (11mm. in cephalic breadth), showing two 
pairs of tiny spine_on the posterior margin of the pygidium. x 9.8 

Figure 13. Posterior part of another holaspid (18mm. in cephalic breadth, external 
mould), showing two pairs of tiny spines on the posterior margin of the pygidium. 
x 9.8 


CAll the specimens are kept in the Geol. Inst., Kyoto University} 
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Plate III 


Explanation of Plate III 
Redlichia chinensis WALCOTT 


Figure 1. Meraspid cranidium (No. 3), 1.1mm. long and. 16mm. broad between 
the eye ridges, showing the intergenal spines. 12.65 

Figure 2. Dorsal shield, 3.5mm. in cephalic breadth, having 9 or 10 thoracic seg- 
ments. x5. (See Pl. V, fig. 3) 

Figure 3. Dorsal shield, 4mm. in cephalic breadth, having 9 or 10 thoracic segments. 
x5, (See Pl. V, fig. 2) 

Figure 4. Dorsal shield, 4mm. in cephalic breadth, having 10 or 11 segments in 
thorax, showing the intergenal spine. x5. (See Pl. V, fig. 4) 

Figure 5. Dorsal shield, 4.65 mm. in cephalic breadth, having 10 or 11 segments in 
thorax. x5 

Figure 6. Dorsal shield, 9.5mm. long (ca 7.5mm in cephalic breadth), with 14 seg- 
ments in thorax. x5. (See Pl. Ii, fig. 11) , 

Figure 7. Dorsal shield, 10.6mm. long (ca. 8mm in cephalic breadth) with 14 seg- 
ments in thorax. x5 

Figure 8. Dorsal shield, 11.5 mm. long and 6.7 mm. broad with 14 thoracic segments. 
x5. (See Pl. V, fig. 5) 

Figure 9. Dorsal shield, 17mm. long and about 15mm. broad. with 14 thoracic 
segments. 1.5 

Figure 10. Cheiruroides primigeneus (SAITO) with 14 thoracic segments. x5 

Figure 11. The same species with 11 or 12 thoracic segments. x4 

Figure 12, The same specieS showing the facial suture. x5 

Figure 13. The same species with 11 or more thoracic segments. x 4 

Figure 14. Obolella lunavis SAITO. Internal mould of a ventral valve. x3 

Figure 15. Alutella nakamurai KOBAYASHI and KATO, new gen. and sp. Internal 
mould of a complete right valve and an incomplete left valve. x5. 


CAIl the specimens are kept in the Geol. Inst., Kyoto University) 
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Plate IV 


Explanation of Plate IV 
Redlichia chinensis WALCOTT 


Figure 1. Anaprotaspid, 8.8mm. long and 0.7 mm. broad. 

Figure 2. Early Mataprotaspid, 0.64mm. long and 0.63mm. broad. (See Pl. I, fig. 
1 Pill, tig.<1) 

Figure 3. Middle Metaprotaspid (No. 1), 0.75 mm. as long as broad. (See Pl. I, 
fig. 2) 

Figure 4. Middle Metameraspid (No. 2), 0.8mm long and 0.7mm broad. (See PI. 
I, fig. 4) 

Figure 5. Middle Metaprotaspid (No. 3), 0.7mm. long and 0.6mm. broad. 

Figure 6. Middle metaprotaspid (No. 4), 0.7mm. long and 0.75 mm. broad. 

Figure 7. Middle metaprotaspid (No. 5), 0.75 mm. long and 0.67mm. broad. (See 
JOE IE sired, 339) 
These seven figures, partly restored. 

Figure 8. Middle metaprotaspid in the early substage. 

Figure 9. Middle metaprotaspid in the middle substage. 

Figure 10. Eiddle metaprotaspid in the late substage. 
These three figures, all diagrammatic. 

Figure 11. Late metaprotaspid, 0.75mm. long and 0.67mm. broad, partly restored. 
(See Pl. J, fig. 5) 

Figure 12. Supposed ventral vlew of a metaprotaspid. 
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Plate V 


Explanation of Plate V 
Redlichia chinensis WALCOTT 


Figure 1. Metaprotaspid with five or more thoracic segmens, the fourth of which 
having a long axial spine. (See Pl. I, fig. 9) 

Figure 2. Dorsal shield, 4mm in cephalic breadth, having 9 or 10 thoracic segments. 
The posterior terminal part obscure in the specimen. (See PI. III, fig. 3) 

Figure 3. Dorsal shield 3.5mm. in cephalic breadth, having 9 or 10 segments in 
thorax. The free chee missing and the posterior terminal part obscure in the 
specimen. (See PI. III, fig. 2) 

Figure 4. Dorsal shield, 4mm. in cephalic breadth, having 11 (?) segments in tho- 
rax. The posterior terminal part obscure in the specimen. (See PI. III, fig. 4) 
Figure 5. Dorsal shield, 115mm. long, having 14 thoracic segments. Pygidium 

obscure in the specimen (See PI. III, fig. 8) 
Figure 6. Dorsal (left) and ventral (right) views of Redlichia chinensis. 
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